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AS  thefe  Volumes  are  only  a  Continuation  of 
thofe,  which  were  published  twelve  Years 
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CONTAINING  THE 
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CHAP.  I. 


Algebra^  Arithmetick ,  Fluxions ,  Geometry . 

HAVE  explained,  in  the  Appendix  to  Saunderfon' s  AI-  Of  the  Reduo- 
gebra,  my  Method  of  extracting  any  Root  from  the  Bi-  tion  °f  Ra^~ 

nomial  a  —  b\  the  reading  of  which  has  caufed  my  ^Lk  forms, 
learned  Friend,  W*  Jones ,  Efq-,  F.  R.  S.  to  defire  me  by  Mr  A.  de 
to  perform  the  fame  in  the  poflible  Binomial  a  -J-  f  -j-  b .  Moivre,  NO 
I  fhall  obey  his  Commands  in  this  particular,  though  I  am  very  fenfi-  '2  * 

ble,  that  this  has  been  done  already  by  Sir  I.  Newton  and  others.  Dec*.  1738. 


n 

To  reduce  the  Binomial  a-yfb  to  more  Simple  Terms . 


Prob.  I. 


Suppcfe  that  this  Binomial,  involved  with  it’s  general  Radicality,  can  Solution, 
be  reduced  to  the  other  Binomial,  freed  from  it’s  general  Radicality  ; 
now  to  find  each  Quantity  x  and  v,  try  whether  the  Sum  of  the 
VOL.  VIII.  Part  iT  '  B  Binomials 


2 


Example  i . 


Example  2  . 


Mxafmlt  3 


Of  the  Reduction  of  Radicals . 

Binomials  sj  a  -f-  fbf~  s!  d'~-^W  b,  which  may  be  done  by  a  Table 
of  Logarithms,  makes  nearly  a  whole  Number.  If  it  be  fo,  put  2X 

equal  to  this  whole  Number:  then  fee  whether  s!  a  a  —  h  is  a  whole 
Number,  if  it  is,  put  m  equal  to  thfs  new  Integer ,  and  there  will  be 
y  ■=  x  x  — -fw,  wherefore  the  given  Binomial  will  be  reduced  to  the  given 
Form,  But  before  we  proceed  to  the  Demon  fixation,  it  will  not  be  im¬ 
proper  to  iiluftrate  the  thing  by  two  or  three  Examples. 

a  _ _ 

Let  the  Binomial  v  54  ~f~  V  980  be  reduced  to  a  more  (imple  I  erm. 

Pot  a  ==  54,  ^  =  980  *,  then  V  b  =  .^980  —  3 1,3049  nearly,  wherefore 
0 +V£-will  be  — 85,3049,  and  a — W  b  ^  22,6951. 

The  Square  Root  of  the  firft  Number  is  very  near  9,236. 

The  Square  Root  of  the  latter  is  4,763. 

The  Sum  of  the  Roots  is  13,999,  to  which  the  whole  Number  14 
is  very  near  j  therefore  put  2  #=  14,  or  #  =  7  ;  now  fince^y  =  xx  -m9 
and  aa  — •  h  —  sf  2916  —  980  ^ s!  1 93 ^  44  ?  therefore  we  (hall 

have  j  — 49  —44  —  5,  and  fo  the  Binomial  reduced  will  be  7  ~p v  5- 

3  _ _ _____  ■  '  V  -  f.  .  1  -  ? 

Let  \/  45 -j-  1682  be  reduced  to  a  more  fimple  Term, 

Put  £  =  45,  $=  1682,  therefore  sf  h  =41,01219  very  nearly  5  there- 
fore  we  (hall  have  <3  ~{- v/#  —  86,01219,  and  a  —  sf  b  =  3,8971. 

The  Cube  Root  of  the  firft  Number  is  4,4142  4  the  Cube  Root  of 
the  latter  is  1,5857  ;  the  Sum  of  the  Roots  is  5,99991,  which  is  very 
near  the  whole  Number  6  3  therefore  fay  2  x~  6,  or  *  =  3  j  but  y  =  x  x 

but  m~s/  a  a  —  b~s/  343  =  7  ;  and  fojy  =  9  —  7  =  2  •,  there¬ 
fore  the  Binomial  reduced  is  3  ~|~V.2.. 

Let  ✓  170  -J-V  18252  be  reduced  to  a  more  fimple  Term. 

Put  170,  £=  18252,  then  we  (hall  have  ^  £  =  I35*1  vei7  nearty  > 
wherefore  we  (hall  have  af-s/b  =  305,1,  and  ^  s!  b  —  34,9. 

The  Cube  Root  of  the  firft  Number  is  6,73  very  nearly. 

The  Cube  Root  of  the  latter  is  3,26  very  nearly. 

The  Sum  of  the  Roots  is  9,99,  which  is  very  near  the  wnole  Num¬ 
ber  10;  therefore  fay  2  *  =  10,  or  #==,5,  we  have 

but  m  ~  sj  a  a  —  b~  22  ;  therefore  j  =  25  — 2 2  —  3  *3  tnerefore  the  Bi¬ 
nomial  reduced  is  5-J-V  5. 

‘  '  f  }  .  .  ,  j  ,  •;  V  J  V*  -• 

;i  '  "  *V:  ’  •  1  Take 


Of  the  Reduction  of  Radicals , 


§ 


Take  any  Binomial,  as  ^ v/ which  fuppofe  reducible  £o  the  Dmonftratm* 
Binomial  xfdy>  therefore 

#3  -j-*  ^  x  x  \/ y '-f-*  3  wy  -j—  y  dy  ~a  "“j—  d  b  i 

fay  x3  f  3  My  =  a, 

and  3  x  x  d  y  fy  d  y  —  d  b. 

Whatfoever  the  Index  of  the  Radicality  fhall  be,  from  the  Square  of 
the  firft  Part  fubtradt  the  Square  of  the  latter  >  now  the  Square  of  the 
former  Part  will  be 

x6 -f  6  x*y  9  x  xyy 

The  Square  of  the  latter  g  x*y  f  6  x  xyy  fyi  =  b  ; 

The  Remainder  will  be  x6  —  3  x* y  -j-  3  x  xyy  —  j3  =  0  #  — 

extradl  from  both  the  Root,  of  which  the  Index  is  n9  that  is,  in  this 


Cafe,  the  Cube  Root ;  therefore  we  fhall  have  x  x  • — y  =  d  a  a  —  b ,  or 


to  the  FaElum  d  a  a  — b~m\  we  fhall  have  x  x  — >y  =  m ;  and  there¬ 
fore  y  "=■  xx  —  m ;  now  in  the  abovementioned  Equation,  namely,  x 3  -J-* 
%  xy~  a,  for  jy  fay  #  #  —  7/2,  and  you  will  obtain  the  Equation  4  xi  — - 
2  mx~a-9  here  Hop  a  little. 

3 _  3 


Now  refume  the  Equation  2X~dafdbf  da 

3 

pofe  you  would  ftrike  out  the  Radicality  d ; 

in  order  to  this,  make  a  -f~  d  b  =  z3, 

and  a  • —  d  b  =  «u3, 

you  will  then  have  thefe  two  new  Equations, 

23  -1-  vi  =  2  # 

2  --  v  =  2X 
x*  -f  vi  a 


d  b9  and  fup- 


But 


It  follows  therefore  that  z 

23  -j-  ^3 


V 


X 


~zz— zv-\-vv\  therefore  zz —  zvfvv 


a 

x 


2  -j-  V 

befides  zz-f'izvf'W—^xx. 

Take  the  Difference  of  thefe  Equations,  you  will  have  3  z  v  =  4  x  x 

a  3 _ 

- - *,  but  z3  viz=a  a  —  b  ;  therefore  zv^d  a  a  —  b  ;  but  it  you. 

x 

a 

fay  =  m9  then  it  will  be  3  m  =  4 x x - ,  or  4 x*  —  %mx~a9  which 

x 

is  the  very  Equation  which  came  out  before,  and  it  will  return  to  the 
fame  in  every  Cafe  of  Radicality  whatfoever. 


-I 

f 


Of  the  Reduction  of  Radicals . 


n 


If  therefore  you  would  try  whether  the  Expreflion  %]  a  ~j-v/  h  can  be 

3  3 _ _ 

reduced  to  a  more  fimple  Term  5  fay  2  x  =  v7  a  -j- b  -j~  •J  cl  —  b\ 


n 


fay  alfo  s/  a  a  —  b  and  y  ~  x  x  —  m  \  and  the  Expreflion  re¬ 

duced  will  be  x  -p  E jy,  if  fo  be  thefe  can  be  done  by  integral,  or  at 
leall:  rational  Quantities. 

But  in  cafe  thefe  fliould  not  be  integral,  or  rational  Quantities,  yet 
the  Rule  which  we  have  delivered,  will  be  of  Ufe  in  the  Solution  of 
Equations  of  any  Kind,  as  will  hereafter  be  feen. 

in  the  mean  time,  this  Doubt  may  perhaps  arife,  whether  this  Rule 
will  obtain  univerfally  in  any  Powers  whatfoever  of  a  Binomial;  for  In¬ 
it  a  nee,  whether  in  any  Binomial  whatfoever,  of  which  the  Index  is  n , 
if  from  the  Square  of  the  Sum  of  thofe  Terms,  which  are  in  unequal 
Places,  you  fubtrad  the  Square  of  the  Sum  of  thofe  which  are  in  equal 
Places,  the  Remainder  will  be  another  Binomial,  of  which  the  Index 
alfo  will  be  n. 

To  this  I  anfwer,  that  it  has  been  obferved  by  many  before  me,  and 
therefore  may  be  looked  upon  as  confirmed  by  Experiments  ;  but  how¬ 
ever,  it  may  not  be  amifs  to  produce  a  Demonftration  of  it,  which  I 

do  not  remember  to  have  feen  any  where. 

«*  ■■ 

Take  the  Binomial  x  -j-jyl*  and  expand  it;  take  alfo  another  Bino¬ 
mial  x  — y  n ,  which  expand  in  like  Manner  ;  fay  x  -j-  y\n  =  s ,  and 

*  — T*  =  p  ;  now  it  will  appear  at  firfb  Sight,  that,  if  the  expanded 
Binomials  are  joined  by  Addition,  their  Sum  will  be  equal  to  double 
the  Sum  of  the  unequal  Terms  of  the  firft  Binomial ;  but  if  the  latter  be 
fubtraded  from  the  former,  that  then  the  Remainder  will  be  equal  to 
double  the  Sum  of  the  equal  Terms  of  the  firfl  Binomial ;  hence  it  fol- 

s~\~p  s——p 

lows,  that -  is  the  Sum  of  the  unequal  Terms  5  and  — -  the  Sum 

2  2 

of  the  equal  Terms. 

From  the  Square  of  the  firfl:  Sum,  that  is,  from  the  Square 
ssf-2psf-pp 

-  fubtrad  the  Square  of  the  latter,  namely. 


j  s 


4 

^  ^  Li  n  ^  ^ 


the  Remainder  will  be 


4  ps 


~  s  p  ~  x-fy\n 


x 


*  — yV  =  sc  x—yy\"  of  which  the  Root  (the  Index  of  which  is  n) 

■yy- 


IS 


XX 


l 


If 


Of  the  Re du 51  ion  of  Radicals . 

n _  n _  n 

If  you  put  2  a-f*/  b  a  —  */  b,  and  take  befides  d  a  a  —  b 

=  and  interpret  n  fuccefiively  by  i,  2^3,  4,  5,  6,  7,  8,  &V.  there 
will  arife  the  following  Equations. 


Corollary. 


1 .  x  ~  a. 

2.  2  x  x  — •  m~  a. 

3.  4  #3  —  %  m  x  ~  a. 

4.  8  tf4 — 

5.  1 6  #5  — ■  20  m  #3  -j—  5  m  m  x  —  a. 

6.  32  #6  —  48  w  -j-  18  7/z  w  x  x  ■ —  772 3  =  a . 

7.  64  —  1 12  m  x$  ~j—  $6  mm  x$  —  7  mi  x  ~  &c. 

Now  thefe  Equations  are  of  the  fame  Form  as  the  Equations  to  the 
Cofines,  though  they  are  naturally  quite  different. 

Let  r  be  the  Radius  of  a  Circle,  /  the  Cofine  of  any  given  Arch, 
x  the  Cofine  of  another  Arch*  which  may  be  to  the  firft,  as  r  to  n> 

1.  there  will  be  x  =  /. 

2  .  2  XX' —  r  r  ~  r  l. 

3  .  4,  *3  —  3  r  r  x  r  r  /. 

4.  8  #4  —  8  r  r  #  #  -j-  =  r3  /. 

5.  16  #5  —  20  r  r  ^*3  ^  5  #  =  r4  /. 

6.  3  2  * 6  —  4.$  r  r  x*  1$  r*  x  x  —  r6  =  /. 

7.  64  #7  —  1 12  r  r  ^5  -j-  56  r4  ^3  —  7  r  ^  =  r5  /,  &c.  4 


But  the  general  Form  of  thefe  is  by  putting  for  the  Sake  of  Bre¬ 
vity  r  =  1 

71  1  *  * — 3  #  » — 2  » — 5  «  n — 3  »—4  n — 7 

2  X  -  2  X  —  #  —|—  2  X— . - —  2 

I  I  2 


#  n — 4  « — 5  » — 6  »—9  n  n — ^  ;; — 5  77 — 7  »— 8 

*  — • - . - #  -J-2  x— . - . - . - -x  fe?r, 

1  2  3,  1234 

=  /.“  /'  ' 

The  Difference  of  thefe  Equations  confifis  chiefly  in  this,  that  the  firft 


n 


n 


are  derived  from  the  Equation  2x~^/a-\~<Jb-\-y/a  —  -J  b,  but’ the 


n 


n 


latter  from  the  Equation  2  x  —  J  a  - f—  %/  —  b-fsj  a  —  s/  —  b^  and  if 
this  latter  Equation  be  freed  from  it’s  general  Radicality,  we  fhall  ob¬ 
tain  Equations  to  the  Cofines. 


Let  there  be  therefore  the  Equation  2  x  —  y/a-\-  — b  +  *J  a  —  %/ — f 

3 

which  muft  be  freed  from  it’s  radical  Sign  y'* 


c 


Prob.  II. 
Solution. 
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Say  \/  a  -j-  s/  —  £  =  2,  and  a—~*J  —  b~v\  fay  alfo «  -j-  v  —  2 
Hence  you  will  have 

1.  &3  =  0  ^ 

2.  t;3  ~  a  f  —  b 
hence  it  will  be  %3  -j-  ^3  =  2  0. 


But  z  4-  w  =  2  #,  therefore  it  will  be 

i 


“j— • 


a 

X 


2  3+^3 

Bat  — — - -  =  2  2 

z  -J-  V 
a 

will  be  ==  —  . 
x 


z  -j-  V 

z  v  v  v  9  wherefore  z  z  —z  v  ^  vv 


a 


But  22- 1-  2  zv  w~  \x  x  ^  whence  3  z  v  — ■  4.  x  x  * 

.X 

but  now  z*  v*  =  a  a  -f-  b. 


Therefore  it  follows,  that  z  v  \s~sf  a  a-\-b  which  if  you  make 

a 

=  m%  therefore  4  x  x - will  be  —  3  my  or  4  x  •  %ra  x  —  a. 

x 

Hitherto  we  have  had  two  Kinds  of  Equations  5  the  firft  in  which 

3 _ _  .  .  3 _ 

m  was  put  =  \/  a  a  ■ — ’b  \  the  latter,  in  which  it  was  a  a  -J-  h. 
Let  us  call  the  firfb  Hyperbolical,  the  latter  Circular. 


To  extra  ft  the  Cube  Root  from  an  impoffible  Binomial ,  a  s/  — -  b. 

Suppofe  that  Root  to  be  *  -f-  sf'—y,  of  which  if  you  take  the  Cube, 
you  will  find  it  to  be  xi  3  x  x  —  y  —  3  xy  — y  sf  — y. 

Now  put  #3 —  3  xy~  a  .  _ 

and  3  x  x  •J  — y  — y  s/  —y  —  sf  —  b. 

Then  by  taking  the  Squares  there  will  arife  two  other  Equations  > 

x6  - —  6  x*y  -j -yxxyy  —  aa 

~9  x*y  T*  d  x  x  y  y  —yi  =  — a  b. , 

Now  take  the  Difference  of  the  Squares,  there  will  be  x6  -f-  3  x*y  -j-  3 

3 _ 

x  xyy  ~j-jy3  =  $  ^  -J-  £  ^  wherefore  x  x  f-y  is  =  V  a  af-b:  now  fay 

3  #  *  '  !  , 

sf  ^  a  -j-  b  =  whence  #  #  -j-  y  will  be  =  m-,  or  y  —  m  — -  x  x  \  now 

in  the  Equation  #3  —  xy~a>  inftead  of  the  Quantity  y,  fubftitute  it’s 

Value  m  — -  x  x,  you  will  have  #3 . —  3  m  x  -f-  3  xi =  a,  or  4  #3  3  w  x 

a, 
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=  a9  which  is  the  very  Equation,  which  had  before  been  deduced  from 

3  — - -  3 - — ^ 

the  Equation  2  x  —  d  af-%/  —  b  a  —  *J  —  b\  but  it  does  not  fol¬ 
low,  that  in  the  Equation  4^3  —  3  m  x  =  a,  the  Value  of  the  Quanti¬ 
ty  x  may  be  known  by  the  former  Equation,  as  it  con  fills  of  two  Parts, 

each  of  which  includes  the  imaginary  Quantity  d  —  b\  but  this  will  be 
befl  done  by  the  help  of  a  Table  of  Sines. 

Therefore  let  the  Cube  Root  be  to  be  extracted  from  the  Binomial 
81  —  V  * —  2700  ;  fay  a  ==  8 1,  b  2700  ;  now  a  a  -f  b  ~  6561  -j- 
2700  =  9261,  of  which  the  Cube  Root  —  21,  which  fuppofe  —  m,  lo 
that  3  m  x  may  be  =  63  x  ;  the  Equation  therefore  to  be  refolved,  will 
be  4  x 3  —  63  x  —  8  r,  and  if  this  is  compared  with  the  Equation  to  the 
Cofines,  namely,  4  x3  —  3  r  r  x  —  r  r  l  ■,  r  r  will  be  =  2 1  ;  and  there- 

- —  a  81  27 

fore  r  will  be  =  v  2.1  5  and  moreover,  /  will  be  —  —  =  —  —  — . 

r  r  21  7 

Therefore  let  there  be  an  Arc  of  a  Circle,  of  which  the  Radius  is- 

27 


d  21,  and  the  Cofine 


7 


Let  the  whole  Circumference  be  C,  take  the  Arches 


A  C— A 


7 


C  ~jp  A 

— - - ,  which  will  eafily  be  known  by  a  Trigonometrical  Calculation,. 

.  3 

efpecially  if  you  make  ufe  of  Logarithms,  then  the  Cofines  of  the  Arcs 
to  the  Radius  sj  2 1,  will  be  three  Roots  of  the  Quantity  x  *,  wherefore 
fince  y  is  =  m  —  x  x,,  they  will  therefore  be  fo  many  Values  of  the 
Quantity  y,  and  fo  the  Cube  Root  will  be  triple  of  the  Binomial 

81  -f-  V —  2700,  but  let  us  accommodate  it  to  Numbers. 

27 

Say  as  d  21  to  — ,  fo  Radius  of  the  Tables  to  Cofine  of  any  Arc, 

7 

to  which  Arc,  fuppofe  A  to  be  equal ;  but  that  Arc  will  be  found  near 


23°,  42;;  hence  the  Arc  C — A  will  be  3270,  187,  and  C -j- A  3920, 
42',  the  third  Parts  of  which  will  be  io°,  54  ^  *  109°,  6'  $  130,  54 ;  > 
-but  now  as  the  firft  of  them  is  Jefs  than  a  Quadrant,  it’s  Cofine,  that  is, 
the  Sine  790,  6f ,  ought  to  be  looked  upon  as  pofitive  *,  as  both  the 
others  are  greater  than  a  Quadrant,  that  is,  the  Sines  of  the  Arcs  19°, 
61  j  40°,  54^  ought  tp  be  looked  upon  as  negative  •,  but  by  the  Tri¬ 
gonometrical  Calculation,  it  will  appear  that  thefe  Sines  to  Radius  V  21 

Vrill.be  4,4999*  —  *'*4999.9  —  3,0000,  or  — - — ,  —  3  •,  whence 

2  2 

there  will  be  fo  many  Values  of  the  Quantity  ^  namely  all  thofe 

•  •  :  ,  which 


which  m 


3 

9 

4 


Prob.  III. 


Solution. 
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81  9  __ 

— •  x  x  reprefen  ts,  that  is,  21- - ,  21  — - — ,  21  —  9  — 

4  4 

— ,  12,  of  which  the  Square  Roots  are  i  1/  3»  W  3>  2/  3  *  where- 
4  >  ______  .  «____«  - 

fore  3  Values  of  the  Quantity  \f  • — y  will  be  \  \!  ~~  3  9  2  ^  —  3>  2  ^  3  » 

3^ — _ _ ^=.- 

whence  the  three  Values  of  the  Quantity  V  8 1  -j-  V  —  2  700  will  be 

|4- i  v/ —  3, - -j - ^ — 39  —  3  -j-  i  V  —  3,  and  after  the  fame 

2  2 

Manner  of  proceeding  will  be  found  three  Values  of  the  Quantity 

_ 9  i  _  3  5  _ 

sf  8 1  — V  —  2700,  namely  thefe  —  • —  i  s/ — 3  ,  — - -  *j — 3, — 

2  22 

3  —  W  —  3. 

There  have  been  many,  among  whom  was  the  famous  JVallis ,  who 
have  thought  that  thofe  cubic  Equations,  which  are  referred  to  a  Circle, 
may  be  folved  by  the  Extraction  of  a  Cube  Root  from  an  imaginary 

Quantity,  fuch  as,  8  r  *+■  v' - 2  700,  without  having  any  Regard  to  the 

Table  of  Sines  \  but  let  them  fay  what  they  will,  it  is  all  a  mere 
FiCtion,  and  begging  of  the  Queftion  j  for  if  you  attempt  it,  you 
mu  ft  neceflarily  run  back  to  that  Equation  which  you  had  taken  to 
folve.  Rut  this  cannot  be  done  diredly,  without  the  help  of  a  Table 
of  Sines,  efpecially  if  the  Roots  are  irrational  j  and  this  has  been  ob^ 

ferved  by  many  before  me. 

>  ...  '  -  '■* 

7* 0  extract  a  Root>  of  which  the  Index  is  /2,  from  an  impoffible  Binomial 

a  -}-  V  —  h . 


n 


Let  the  Root  be  x  ^  — y ,  then  having  made  faa-f-b  —  Wt 


alfo - =  p9  defcribe,  or  fuppofe  to  be  defcribed,  a  Circle,  of  which 

n 

the  Radius  is  */  m ,  and  therein  take  any  Arc  A,  of  which  let  the  Co- 
a 

fine  be - •,  iet  C  be  the  whole  Circumference.  Take  to  the  fame 

me 

A  C  —  A  C-f-A  2  C— A  3C — A 

'9  ~  9 - -9  9 


Radius,  Cofines  of  the  Arcs 


n 


n 


n 


n 


n 


3  C-j-A 


n 


,  &c.  till  the  Multitude  of  them  is  equal  to  the  Number  n  5 


which  being  done,  ftop  there-,  then  all  thofe  Cofines  will  be  fa 

many 
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many  Values  of  the  Quantity  #  ;  as  for  the  Quantity  v,  that  will  always 
be  m  —  xx. 

I  muft  not  omit,  though  it  has  been  mentioned  already,  that  thofe 
Cofines  muft  be  reckoned  affirmative,  of  which  the  Arcs  are  iefs  than  a 
Quadrant,  and  thofe  negative,  ,the  Arcs  of  which  are  greater  than  a 
Quadrant. 

Any  Equation  of  the  Kind  of  thofe  mentioned  above  being  given,  to  know  Prob.  IV. 
whether  the  Solution  of  it  is  to  be  referred  to  the  Hyperbolical ,  or  to  the 
Circular  Species . 

Let  n  be  the  higheft  Dimenfion  of  the  Equation  ;  divide  the  Co-  Solution, 

n — 3 

efficient  of  the  fecond  Term  by  2  x  »,  and  let  the  Quotient  be  \ 
now  fee  whether  the  Square  a  a  be  greater  or  lefts  than  the  Power  m  %  if 
the  former  Cafe  (hall  happen,  the  Equation  is  to  be  referred  to  the  Hy¬ 
perbola  ;  if  the  latter,  to  the  Circle. 

Let  the  Equation  16  xs  — 40  -j—  20  x  —  7  be  given,  where  7 

n — 3 

therefore  2  x  n  =  20 :  Divide  40  by  20,  the  Quotient  is  2  =  m, 
moreover  ^’  —  3 2,  and  the  Square  =  49  ;  and  as  this  is  greater 
than  the  Power  32,  the  Confequence  is,  that  the  Equation  is  to  be  re¬ 
ferred  to  the  Hyperbolical  Species ;  but  as  in  the  Hyperbolical  Cafe  it 
5 _  . 

was  put  V  a  a  —  b  —  m,  it  follows,  that  aa< —  b  —  m5  =  32,  and  fo 
b  ~aa  32  =  49  —  32  =  17:  But  now  the  Root  of  the  Equation  in 

5^ - -  5  _ _ _ . 

this  Cafe  is  i  ft  7  ~f“ft  iy  ~ j-W  7  —  ft  17  j  but  ft  17  =  4,123105  nearly, 
therefore  7  ft- ft  17—  11,123105,  and  7 — ft  17  =  2,876895  ;  more¬ 
over,  the  fifth  Root  of  the  former  Number  will  be  found  =  1,622 1,  the 
fifth  Root  of  the  latter  =  1,2353,  the  Sum  of  the  Roots  =  2,8574,  the 
half  Sum  1,4287  is  the  Value  of  the  Quantity  x  in  the  given 
Equation. 

Now  let  the  Equation  16  x1 — 40  tf3  20  x  —  5  be  given;  in 
which  m  is  =2,  but  a  •=  5  ;  it  is  plain  that  the  Square  a  a  is  lefs  than 
the  fifth  Power  of  the  Number  2  ;  wherefore  the  Value  of  the  unknown 
x  cannot  be  obtained  without  the  Quinquefedion  of  an  Angle  ;  and 
this  is  performed  by  the  Help  of  our  general  Theorem,  mentioned  be¬ 
fore,  by  taking  to  the  Radius  ft  2,  the  Arc  of  which  the'  Cofine  is 
a  a  5 

~ —  “• — 5  and  that  Arc  will  be  found  27°,  55^,  nearly,  of  which 

the  fifth  Part  is  50  35  ft  now  if  you  take  the  Logarithm  of  that  Cofine 
of  the  Arc  to  Radius  1,  you  will  find  it  to  lx  9*9979347  ;  but  fince 
our  Radius  ought  to  be  ft  2,  add  to  the  former  Logarithm  the  Loga¬ 
rithm  ft  2,  that  is  0,1515150,  the  Sum  will  be  10,1484497,  out  of 

C  -  which 


10 
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which  if  you  take  io,  the  Remainder,  namely,  0,1484497*  be 
the  Logarithm  of  the  Number  fought,  which  will  therefore  be  1,4075 
very  nearly,  and  in  the  fame  Manner  the  other  four  Roots  may  be 

found.  *i  T/i  11  11  • 

Some  few  things  remain  to  be  obferved,  which  I  mali  add  in  this 

Place  '  ■  wf  - 

If  the  Equation  is  of  the  Hyperbolical  Kind,  and  befides  n  is  an  odd 

Number,  there  will  be  only" one  poffible  Root,  the  reft  will  be  impof- 
fible  5  but  if  n  is  an  even  Number,  there  will  be  only  one  Value  of  the 
Square  xx,  the  reft  are  impoffible. 

[f  the  Equation  is  of  the  circular  Kind,  all  the  Roots  will  be 

^  |n  order  to  know  how  many  affirmative  Roots  there  will  be,  and  how 
many  Negative,  in  Equations  to  Cofines,  let  this  Rule  be  obferved. 

If  n  is  an  even  Number,  there  will  be  as  many  affirmative  Roots  as 

negative. 

— '  x 

If  n  is  an  odd  Number,  but  fuch  that - is  an  even  Number,  the 


Number  of  Affirmatives  will  be  - — -,  the  Number  of  Negatives 

2 

Ilf  l 


f  «  X  - 

■  1  ■ -  odd  Number,  the  Number  of  Affirmatives  will  be 


But  if  — - —  is  an 
2 


n  j  1 


,  of  Negatives 


n— —  1 


A  Demovjlra - 
tion  of  New¬ 
ton  's  Method 
of  raifing  any 
Polynomial  to 
any  Power,  hy 
Means  of  an 
ajfumed  Bino¬ 
mial,  by  J. 
Caltillioni, 
N°.  464. 
Read  May  6, 
1742. 


II.  Every  Index  is  either  Integer  or  Fradbion  *,  and  thefe  are  either 
pofitive  or  negative.  1.  If  the  Index  is  an  Integer  and  pofitive,  then  to 
raife  the  Binomial  to  a  Power,  of  which  the  Index  is  m9  is  nothing  but 
writing  the  given  Binomial,  as  often  over  as  there  are  Units  in  m9  and 

to  draw  all  thefe  Binomials  in  their  Turns. 

2,  If  the  Index  is  a  Fraction  and  pofitive,  to  raife  the  Binomial  to 

the  Power _  is  to  raife  the  given  Binomial  to  the  Power  r,  and,  this 

n 

Power  being  given,  to  feek  the  Quantity,  which  being  given  to  the 
Power  tt,  equals  the  Power  of  the  given  Binomial  r. 

3.  But  when  the  Index  is  negative,  whether  it  is  an  Index  or  a 
F  rad  ion,  to  raife  the  Binomial,  we  mult  do  as  in  if  .  i,  or  2,  an 
then  Unity  is  to  be  divided  by  the  Power  found. 


I  take 


A  Method  of  raifing  Polynomials . 

‘  I  take  a  Binomial  p~f -  q,  that  it  may  {hew  me  any  Polyno¬ 
mial.  : 

Between  pw  and  qm  there  are  as  many  Geometrical  Means,  in  the 

Ratio  p  .  as  there  are  Units  in  i. 

Being  to  find  thefe  Terms,  I  note  that  pm  is  to  qm  in  a  compound 
Ratio  of  pm\  i,  and  i  .  qm ,  alfo  p  to  q  has  a  Ratio  compounded  of  p.  i, 
and  of  i  .q  y  but  if  there  are  two  Sericfes  of  Powers,  in  one  of  which, 
the  Indices  of  the  Power  p  decreafe  in  the  fame  arithmetical  Proportion, 
of  which  the  Difference  is  i,  by  which  the  Indices  of  q  increafe  in  the 
fecond  Series,  there  will,  be  had  a  Series  of  continual  Proportionals,  in 
the  Ratio  p  ,  i,  and  i  .  q. 


m 


m- 


m- — 2 


m — 3  m — 4 


m—fti 


p 


p 


p 


o 

p  =1 

m 


So  p  .  i  :  :  p  .p  .  p 

i  .  q  :  :  i  .  q  .  qz  .  q3  .  q^  [  * .  % 

Therefore  the  correfponding  Terms  being  multiplied  in  their  i  urns, 

m — 2 

p  ? 


m  m — I 

a-.-.p  ,p  q 


m — 3 


m- 


P 


-4  4 

1 


m 


Now  I  fay,  that  p  -j-  q}m  is  compofed  of  the  Terms  found  above,  as 
is  eafily  proved  by  their  Generation.  _ 

Therefore  all  the  Terms  which  are  in  p-j~q\m  difpofed  in  Order,  are 
in  continual  Proportion.  And  indeed  any  two  Numbers  following 
each  other  immediately,  are  as  the  firfl  Perm  of  a  Binomial  Root  to 
the  fecond.  This  appears  by  the  Generation,  for  p  any  Number  of 
Times  multiplied,  is  to  q  as  many  Times  drawn  intop  asp  .  q. 

Therefore  the  Number  of  all  is  m  “-p  i  *,  but  alio  in  the  dcci  eafing 

arithmetical  Series  m  .  m  - — ■  i  .  m ' — *2 . o  -  the  Terms  ^  are  ( in 

Number  m  +  i,  or  in  the  inereafmg  o  .  1  .  2  .  3  . . my  therefore 

the  component  Terms  p~jgi\m  ought  to  have  thefe  Indices,  or  to  be 


m 


m- 


m 


^  Buf  by  the  Laws  of  Multiplication,  the  Number  of  the  Terms  ough  t 
to  be  im  'y' m  i,  therefore  in  this  Fadlum  fome  repeated  lenus  muft 

be  found.  , 

The  common  FaBa  (namely  thofe  of  which  the  Multiplicator  and 

Multiplicand  confift  of  different  Quantities)  contain  all  the  different 
Terms,  becaufe  they  are  all  formed  of  different  radtors.  In  Powers 
therefore,  it  muff  be  feen  what  Terms  were  different,  unlefs  the  Fac  ors 
were  always  the  fame,  and  how/'  many  of  the  different  on-.s  am  ma  e 
equal  by  the  Reftitution  of  Letters  ^  for  fo  we  fhall  find  how  oltca 

every  one  ought  to  be  repeated  in  the  Power. 

Now  it  appears,  that  if  the  Fadlors  were  always  different,  ail  the 

Terms  alfo  in  the  Produdt  would  be  different. 

But  when  the-  firfl  in  the  Produci  is  made  only  o*  the  nilf  of  t  ie 

Multiplicators,  and  the  laft  of  them  is  made  of  the  laft,  thefe  FaBa  wi 

C  2  always 


■“V 


JN»/ 
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always  be  different,  though  the  making  Binomials  are  the  fame,  becaufe 
the  fir  ft  Term  of  the  Binomial  differs  from  the  fecond. 

But  of  the  reft,  fome  may  be  made  equal,  becaufe  they  are  com- 
pofed  of  the  firft  of  the  Efficients  multiplied  into  the  fecond,  and  joined 
in  different  Manners. 

It  muft  therefore  be  enquired,  after  how  many  different  Manners  the 
Quantities,  of  which  the  Number  is  given,  may  be  joined. 

In  our  Cafe,  the  Index  of  the  Things  is  *»,  the  different  Things 
two,  of  which  one  is  repeated  s  Times,  the  other  /,  fo  that  s  -jr*  t^m\ 
therefore  the  Number  of  the  Changes  will  be 


m ,  m 


i  .  m 


2  .  m 


S  .  S -  I  .  s 


2  •  •  •  •  I  %  t  %  t 


I  .  t 


2  .  t 


m — i 


O  T 


So  let  i,  m — i,  the  Term  will  be  p  y,  and  it’s  Coeffi- 
m  m  —  i  .  m  ■ —  2  .  vn  * —  3  ....  i 


cient 


m 


m. 


1  ,  m  —  2  .  m  ~ —  3.....  x 


nk~  3  3' 

Let  /=  3,  s  —  3  ;  it’s  Coefficient  will  be  had  p  q  , 


m  .  ni 


i  .  m  —  2  .  m 


3  •  m  4 


m  .  m 


1  .  rn 


4  .  m 


/—  _ 

*  *  •  ..*•«  1 


i  •  -  3' 


i  ^  2  .  3  .  m  ‘ —  3  .  m  * 
and  fo  of  the  reft. 

If  any  one  fhall  doubt,  whether  the  former  Demonftration  will  prove 
that  all  the  Terms  are  neceffarily  formed  after  fo  many  Manners,  as 
they  may,  and  fhall  contend  that  it  only  ffiews  that  it  may  happen,  I 
fhall  anfwer  thus. 

Certainly  p-fqf1  —p-^qxp  "hfi  j  but  amongft  the  Terms  of 

m — n —  1  n 

this  are  p  q  which  will  neceffarily  be  multiplied  intop  and 

m- — n — 1  n  m — n  n  m — n  n — I  ?n — n 

and  p  q  xp=p  q  —p  q  X  q,  therefore^)  q 


m — n —  1 


by  all  poffible  Ways  will  be  made  intop  -j-yV,  if  p 

m — n  n — l 

p  q  are  generated  as  many  Ways  as  poffible  into  p-fq 


and 


—L./7  \m — 1  . 


m—n — 2  n  m — n  n — 2 

which  will  neceffarily  be,  if  p  q  ,  andp  q  are  in  the 

lower  Power  p  ~j~  q\m  2,  and  fo  on  always  to  the  Square  in  which  pp, 
p^,  and  qq  are  had,  formed  after  as  many  Ways  as  poffible,  (4.  IL  Eu¬ 
clid.)  therefore  alfo  in  the  former. 

This  reafoning  requires,  that  I  ffiould  fhew  the  fame  alfo  after  a 
Manner  fomething  different. 

Yfc  have  now  fhewn  that  the  Coefficient  of  the  firft  is  Unity. 


The 
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m — I 


m — 2 


m  —  i 


The  fecond  Term  p  q  is  formed  of  p  q  x  p9  and  p  x  y, 
that  is,  of  the  firftof  the  Roots  multiplied  into  the  fecond  of  p- j-yi  OT“~I, 
and  of  the  fecond  of  the  Root  into  the  firft  of ,  therefore  in 


m- 


p-f-q] m  there  is  p  q  once  more  as  often  as  the  fecond  is  in 


p  -f-  q}m  1  which  is  there  once  more  as  often  as  the  fecond  in 
2  which  again  is  there  once  more  as  often  as  the  fecond  is 

\m — 2 


m- 


in  p-\~q  r  ~  and  fo  always  till  you  come  to  pfq1  where  the  fe¬ 

cond  is  once  *,  therefore  you  mull  feek  the  Sum  of  as  many  Units  as 
there  are  in  m,  which  is  m. 

m — 2  m — 3 

Alfo  the  third  p  q  q  is  formed  of  p  qq  xp,  the  third  of 

p  -j-  q  \m~ 1  into  the  firfl  of  the  Root,  and  of/*”2  q  x  q  the  fecond  of 

p  into  the  fecond  of  the  Root;  therefore  p~~fq\n  will  com 

tain/72”2  qq  as  often  as  the  fecond  is  contained  in  p  -j-  q\m~~\  that  is 
m — i  times  more,  as  often  as  the  third  is  there,  that  is,  as  often  as  the 

fecond  is  in  p  -j-  q  \m~~2  (m — 2)  more  than  the  third  is  there,  which 

again  is  as  often  as  the  fecond  is  in  p  -{-  q\m^  [m — 3)  more  than  the 

third  is  there,  and  fo  on  till  we  come  to  p  -j-  q]2  where  the  third  is 

once,  or  to  p  +  y,  where  there  is  no  third  •,  for  we  muff  always  feek 

the  fum  of  the  arithmetical  Progreffion  m — 1  .  m— 2  .  m  —  3 . 1, 

or  m — 1  .  m — 2 . o,  in  the  former  the  Number  of  the  Terms  is 

m — 1,  in  the  latter  m ,  as  is  manifeft  ;  wherefore  this  Sum  =  m—  i~/it 


m — i  m- 

x -  =  m  x  — 


m 


m 


1  -|-o  x 


By  the  fame  Means,  the  Coefficients  of  the  other  Terms  will  be 
proved  to  make  the  Series,  in  which  the  fecond  Differences  are  in 
arithmetical  Progreffion,  (Ac. 

Whence  always,,  where  m  is  an  Integer  and  pofitive,  the  Formula 


m  m — 1 

will  be  p  mp 


m~~  3  3 
P  q  — f— 


2+ 

tn  .  m  — -  i  .  m 


m  .  m 


2 

2  .  m 


I  771 • 

-  P 


22T 


m  .  m 


1  .  m 


2. 


* 


m..  m 


2-3*4 

1  ,m  —  2  .  m  —  3  .  m  —  4  m — q  5 

- - f 


0  ???— ij.  4 

~p  i  -+- 


2  •  3  •  4  *  5  • 


i ,  & 


/* , 


It' 


1 4 
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q  '  •-  • 

If  we  make  p4-£  =  pxi~{-  —  there  will  arife  the  very  Formula 

P 


of  Sir  Ifaac  Newton  3  for  p  2 '  ~p  Xif 


m  in 


p 


pm  X 


m  p  m  . 

—  x  —  ~f - 


i  .  m 


— .  m  i  .  p  m  .  m  — 

— -  x  —  -{-  - - - — — 

1.2  q2,  1.2.3 


X  — ,&C. 


I  q  1.2  q  1.2.3.  F 

=  (if  A,  B,  C,  D,  &c.  are  fuppofed  to  equal  the  firft,  fecond,  third, 

m  q  m  —  1 

fourth,  &c.  each  with  their  Coefficients)  p  x  1  -j-  m  A  —  -j - 

p  .  :2 

q  m — 2  q  m — 3  q  m— 4  q  m — 5  q 

B  — -f- -  C  —  + - -  D  — +  —  E  —  -f-  —  F  —  &c. 

PZP^PSP^p 

Let  us  now  feek  the  Formula ,  or  raifing  the  fame  Binomial  to  the 
r 

Power  — ,  where  r  and  n  are  whole  Numbers,  and  both  either  pofitive 
n 

or  negative. 


_L  P»? 

Now  p%q\:pn%x~ - =p  n  q3  wherefore  the  Terms  will 

,  P 

r  r  r  r  3  r 

be pP  .  p T~~  1  q  .  p~F~~  2  qq  ,pT  3  q  ,  £?c. 

The  Coefficients  to  be  found  are  A,  B,  C,  D,  E,  fo  that  the  whole 


p  q]  n  Root  =  A  p  n'fBpn  1  q  '-J-  C  p  n  2  qq-fDp  n  3 


4 


n 

r  r 


r 
n 

r— —  1 


q  -j~  E  p  n  4  ?  5  &V.  therefore  p  -j-  (  p  r  p  q  -f 


r  .  r 


i  r—2  r . r 

-p  ??•+■ — 


r 


i  .  r —  2  ** — 3  3 

—  p  q  *  Cj’f.)  =  A  -j- 


2  .  3 


B  P  n  1  q  C  P 


q  *+*  n 


r  v  nr  n—*  I  r—  I 

n  qq,  &c,  ~  A  p  n  A  B  p 

n — X  r — 2  a — 1  r — 3  2  n — I  r — 4  4 

A  Cp  j  j -f- »  A  Dp  q-fnA  E  p  q 
n  ,  n  —  1  »—2  2  r— 2  «—2  r— 3  3 

-j-  -  A  Bp  qq^rn.n  —  iA  BCp  q  *4 


a— 2 


n  .n  —* 
r~3  3 


^—4  4  ft,#- — 1.8—2  ^—3 

1  A  B  Dp  ,  q  ,  fcfr.  ~1 - — —  A  B 


f  “h 


n  .  8  —  i  .  n 


2  *  3  •  4* 


2  .  3. 

2  .8  — '2  * — 4  4  ** — 4  4 

— - ~  .A  Bp  q 


And 

therefore 


IS 
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n 


-1 


«—2 


therefore  the  Terms  being  compared  i  =  A  '=  A 


A  5  &c. 


n 


r  n  .  n  — *  2  rr  r  ,  r  — - •  i 

rr  r,  and  B  =  — ,  #  C  •+■ - ■ —  x  —  = - — -  5  and  C 

n  2  tin  2 

r  ,  r _ n  r  r.r—n  n  .  n  —  1  *n  —  2 

— 1- - -  ,  »  D  -4-  n .  » ■ —  ix  —  x  - -j- - - - —  x 

2 .  n  n  n  2  n  n  2.3 


r .  r  —  1  .  r 


:  2  •  3 

If  therefore  we  make 


2  r.r —  — m 

-  ,  and  D  = - - ,  £dV. 


2  .  3  . 

my  and 'the  firft  Term  A,  &c,  the  firft 


n 


Formula  will  revive,  and  p~\~  F  1 


tn- — i  P  m — 2  q 

-  B  —  -j~  —  C  — ,  &c. 

2  q  3  P 


p~Y  q}  =  p  x  i  ~j—  m  A—  +■ 

P 


m 


2 


Let  the  Binomial  p  -j-  ^  be  to  be  raifed  to  the  negative  Power,  either 
perfed  or  imperfed,  — -  s. 


Now  p  jl' 


p~rv 


S  S—I  S  .  S 

^  =p  It  s  p  2  +  — 


i— 2 


D 

A 


q  q  ,  &c,  =  (by  Divifion) 


/ — 1 

s  p  q  s  .  s 


s — 2 

r  p  qq 

-x  - — - - 


3  .  S  -  I  .  S 


2  •  3 


x 


3  3 

p  q 


2  s  2  2  s 

P  P 

4  4 

s  «  s  "  i  .  s  2  ,  s —  3  p  q 


X 


2  J 


2,3*4 


2  f 


S  P  J 


S  .  J 


I  —  S  —  2 

-  V  2  2' 


From  this  Formula ,  by  infilling  on  the  former  Methods,  is  eafily 

m  q  m —  1  q 

drawn  the  ufual  and  moil  general  p  x  1  -j-  m  A  — — [ - B  — ,&c. 

p  2  p 

I  do  not  think  it  an  unpleafant  thing,  that  in  this  Formula ,  if  m  == 
—  2,  the  coefficient  Numbers  will  be  natural,  if  3,  Triangular  j 
and  Pyramidal,  if  m  =4,  &c. 

But  it  is  plain,  that  this  Formula  always  gives  an  infinite  Series  •,  for 

•  — -  m 

(if  m  expounds  a  pofitive  Number)  the  laid  Term  ought  to  be  q  y 

but 
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*•—  m  — m  — 1  I  — •  m  —  i  —  «2  — -2 

but  p  .  q  :  :  p  p  ::p  q  .p  qq,  &c.  therefore 

the  Ratio  o f  .q  ought  to  be  compounded  of  fome  Ratios  p  .  q. 

— m  * — m  I  '  I  0*  m 

which  cannot  be  done,  becaufe  p  .  q  ::  —  .  —  : :  i  •  p  in  a 

pm  qm 

Ratio  compounded  of  the  Reciprocals  of  p  .  q. 

The  Indices  of  p  make  ah  arithmetical  Progrefhon,  of  which  the 
Terms  —my  — m — - 1,  — m  —  2,  (Ac,  are  negative  indeed,  but  in- 

—  m 

creafe  or  decreafe  from  3  *  but  the  lad  Term  ought  to  be  q  = 

— m 

p  q  ,  therefore  it  will  never  come  to  it. 

Defcription  III.  Sir  Samuel  Morland  was,  for  ought  I  know,  the  firft  who  under- 
andUfeof  an  took  to  perform  Arithmetical  Operations  by  Wheel-work.  To  this  end 
Arithmetical  }ie  invented  two  different  Machines,  one  for  Addition  and  Subjlradfion , 
^entedbQkn-  ^  other  f°r  Multiplication ,  which  he  publiftied  in  London ,  in  the  Year 
ftian-Ludovi-  1 67 3,  in  [mall  Twelves.  He  gives  no  more  than  the  outward  Figure  of 
cus  Gerften,  the  Machines,  and  fhews  the  Method  of  wotking  them.  But  as  by  this 
S't  GA  ever7  one’  W^°  ^as  any  ^kill  *n  Mechanicks,  will  be  able  to  guefs,  how 
{Jr!  No  4^8  t^ie  inward  Parts  ought  to  be  contrived  ;  fo  it  cannot  be  denied,  that 
p.  79.  July ,  *  thefe  are  two  different  Machines,  independent  of  one  another  ;  that  the 
Uc.  1735.  laft,  which  is  for  Multiplication ,  is  nothing  elfe  but  an  Application  of 
l>  2>  3»  the  Nepairian  Bones  on  flat  moveable  Difks  •,  confequently  that  his  In- 
^  5'  vention  alone  is  not  fit  to  perform  juftly  all  Arithmetical  Operations. 

After  him  the  celebrated  Baron  de  Leibnitz ,  the  Marquis  Poleni ,  and 
Mr  Leupold  took  this  Undertaking  in  hand,  and  attempted  to  perform 
it  after  different  Methods. 

The  firft  publifhed  his  Scheme  in  the  Year  1709,  in  the  Mifcellanea 
Berolinenjia ,  but  then  he  gav£  only  the  outward  Figure  of  the  Machine. 
S.  Pokni  communicated  his,  but  explaining  at  the  fame  time  it’s  inward 
Conftrudtion,  in  his  Mifcellanea  of  the  fame  Year,  1709.  Mr  Leupold9 s 
Machine,  together  with  thofe  of  Mr  de  Leibnitz  and  S.  Poleni ,  were 
inferted  in  his  Theatrum  Arithmetico- Geometricum,  publifhed  at  Leipzig 
in  1727,  after  the  Author’s  Death,  yet  imperfedl,  as  it  is  owned  in  the 
Book  itfelf. 

Befides  thefe,  I  learned  from  feveral  French  Journals,  that  Monfieur 
Pafcal  invented  one,  which  however  I  never  had  the  fight  of.  * 

I  took  the  Hint  of  mine  from  that  of  Mr  de  Leibnitz ,  which  put  me 
upon  thinking  how  the  inward  Structure  might  be  contrived  :  But  as  it 

'  ^  was 

*  The  Defcription  of  this  Machine  is  fince  printed  by  Monf.  Gallen,  in  his  Collection 
of  Machines  and  Inventions  approved  by  the  Academy  of  Sciences ,  at  Paris ,  (publifhed  in 
French  at  Paris.  1735,  *n  Quarto*  in  fix  Tomes)  in  Tom.  IV.  p.  1375  and  likewife  an¬ 
other  by  Monf.  Lefpine ,  Tom.  IY  p.  1315  and  three  more  by  Monf.  Hellerin  dt 
Boiftijfandeauy  Tom.  V.  p.  103,  117,  and  121. 
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was  not  poffible  for  me  to  hit  upon  the  original  Ideas  of  that  Great  Man,- 
an  exa£t  Enquiry  into  the  Nature  of  Arithmetical  Operations  furnifhed  me 
at  Lift  with  others,  which  I  expreffed  in  a  rough  Model  of  Wood,  and 
fhewcd  to  fome  Patrons  and  Friends,  who  encouraged  me  to  have  another 
made  ofBrafs:  But  the  wantofan  Artificer,  able  enough  to  execute  my 
Ideas,  made  me  delay  it  till  the  Year  1725  ;  when  having  fpare  Time, 
and  finding  an  Inclination  to  divert  myfcif  with  Mechanical  Operations, 
I  fet  about  it,  and  finifhed  the  whole  Work  fitted  to  a  Reckoning  not 
exceeding  feven  Places.  And  in  Dec.  of  the  fame  Year,  I  had  the°Ho- 
nour  to  lay  this  Machine  before  the  prefent  Landgrave  of  HeJJ'en  Darmftadt , 
and  the  Hereditary  Prince  his  Son,  to  whom  I  demonftrated  the  Me- 
chaniim  of  the  whole  Invention. 

I  was  checked  from  publifhing  it  at  that  time  by  the  Uncertainty  I  was 
under,  whether  poflibly  Mr  Leibnitz's  Machine  had  not  been  brought  to 
it’s  Perfection  ;  in  which  cafe  there  is  no  doubt  but  the  Operation  of  his 
Machine,  if  it  would  really  perform  what  is  promifed  in  the  Defcription, 
would  have  been  eafier  than  mine,  and  confequently  preferable  to^it, 
provided  it’s  Structure  did  not  prove  too  intricate,  nor  that  the  working 
of  it  took  up  too  much  time. 

But  at  prefent,  being  certain  that  none  of  Mr  Leibnitz' s  Invention  has 
yet  appeared  in  fuch  a  State  of  Perfection,  as  to  have  anfwer’d  the  Effed 
propofed,  and  that  thefe  of  mine  differ  from  all  thofe  mentioned  above, 
fancying  at  the  fame  time,  that  Perfons  who  underffand  Mechanicks, 
will  find  it  plain,  pradicable,  and  exad,  in  regard  to  it’s  various  EfFeds, 

I  make  no  Scruple  to  prefent  this  Invention  to  the  Royal  Society . 

The  Particulars  of  it  are  as  follows : 

There  are  as  many  Sets  of  Wheels  and  moveable  Rulers  as  there  are 
Places  in  the  Numbers  to  be  calculated.  Fig.  i.  fhews  three  of  them, 
by  which  one  may  eafily  conceive  the  reft.  A  A  fhews  the  firft  Syftem 
or  the  Figures  of  Unites,  according  to  it’s  inward  Strudure.  B  B  and  C  C 
fhews  tne  fecond  and  third  Syftem,  viz.  of  Tens  and  Hundreds,  accord- 
to  their  outward  Form.  We  fhall  firft  confider  A  A  •,  where  a  is  a 
flat  Bottom  of  a  Brafs  Plate,  which  may  be  ikrewed  on  either  upon  a  par¬ 
ticular  Iron  Frame,  or  only  upon  a  ftrong  Piece  of  Walnut-Tree, 
doubled  with  the  Grain  crofs’d.  In  this  Syftem  are  two  moveable  Rules 
gggg\  and  kkk,  the  firft  of  which  I  call  the  Operator,  the  fecond  the  De- 
terminator.  There  are  befides  two  Wheel- Works,  the  upper  one  is  for 
Addition  and  Suhftradfion^  the  lower  one  ferves  for  Multiplication  and 
Divifion.  The  upper  one  is  provided  firft  with  a ,  an  oblique  Ratchet- 
Wheel  of  10  Teeth,  of  what  Diameter  you  pleafe,  on  which,  however, 
depends  the  Length  and  Breadth  of  the  Syftem  itfelf.  This  Wheel  has 
a  Stop  r,  with  a  depreffing  Spring  t  \  Under  the  Wheel  a  is  a  fmaller 
Wheel  b  of  the  fame  Shape  :  Both  a  and  b  are  rivetted  together,  and 
fixed  on  a  common  Axis.  Under  the  Wheel  b  lies  a  third  /,  which  is  a 
common  Tooth- W7heel  of  20  or  more  Teeth,  according  as  one  pleafes: 

It  is  larger  than  b ,  and  fmaller  than  a ,  turns  about  the  fame  Axis  with 
VOL.  VIII.  Part  i,  - *  D  the 


Fig.  4. 
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the  other  two  above  it,  and  upon  it  is  fixeda  ^t0P  r>  Wlt:^  Spring^^» 
which  catches  the  oblique  Teeth  of  the  Wheel  b.  _  Immediately -urn  ^ 
'this  Wheel  lies  the  upper  Part  of  the  Operator,  which  may  be  beft  ma 
of  Iron  ot  Steel.  ^  The  Wheels  may  all  be  of  Brafs,  except  the  upper 
one.  The  Operator  is  of  the  fame  Thicknefs  all  over,  and  in  it  s  upper 
Part  are  fixed  as  many  round  Steel  Pins  as  there  are  Teeth  in  the  W  neei  f, 
which  areto  catch  the  Teeth  of  this  Wheel,  and  move  it  backwaids  and 
forwards.  The  Height  ofthofe  Pins  ought  cxaftly  to  anfwer  the  Tn.ck- 
neft  of  the  Wheel  f.  “  The  Axis  of  the  Wheels  a  and  b  is  kept  perpendicu¬ 
larly  bv  the  Bridge  ee,  which  is  fkrewed  to  the  Bottom,  as  appears  by  the 
Figure.  The  Ooevatorgggg  moves  on  the  Side,,  above,  and  in  tie 
Mkldle  in  two  Brafs  Grooves  i  i  i  and  q  q  about  D  it  jets  out,  on  whic 
Projection  a  Piece  of  Iron  h  muft  be  well  faftened,  having  a  ftrong  Pin, 
on  which  the  Handle  z  fits  as  you  fee  m  the  Sy Item  B  B.  The  Side  D 
•  itfelf  Hides  in  another  Groove  s  s,  and  in  it’s  inner  Corner  joins  to  it  the 
Determinator  kkk,  of  the  fame  Thicknefs  with  the  Operator,  the  Shape 
of  which  is  fufficiently  expreffed  in  the  Figure.  This  Hides  al  o  up  and 
down,  on  the  one  Side  in  the  Groove  1 1,  and  v  on  the  other  Side,  where 
it  is  fmalleft,  inafmall  Piece  of  Brafs  U,  and  where  it  is  broadeft,  above 
in  the  O aerator  itfelf,  which  is  either  hollowed  out  into  another  Groove, 
or  filed  off  obliquely.  The  Hiding  part  of  the  Determinator  ought  after¬ 
wards  alfo  to  be  fitted  to  it.  It’s  chief  Part  is  the  Lock  u.  Handing  per¬ 
pendicular  on  it’s  broad  Part,  f  have  drawn  it  feparately  in  Fig  4- 
m  which  the  Hiding  Stop  c,  is  preffed  down  by  it’s  Spring  d, but  raffed 
bv  the  Tricker  a  a.  That  Tricker  has  a  pin  b,  on  whicn  is  fkrewed  on 
the  final  1  Handle  11  {Fig.  1.  in  the  Syftems  B  B  and  C  C.)  In  the  Brafs 
Bottom  A  A  (or  ax  Fig.  1.)  you  muft  file  out  10  _  Ratchet-Teeth,  or 
Kerfs,  purpofely  for  the  Stop  of  this  Lock,  or,  wmch  is  better,  you 
may  infert  into  the  Brafs  Bottom  a  fmall  Piece  of  Iron  filed  out  according 
to  this  Figure.  The  Partition  and  Length  of  thefe  Rachet-Teeth  in  the 
Bottom  muft  fit  exa&ly  with  the  Circumference  01  the  Wheel/,  (rig.  1. 
Sy/lem  A  A,)  with  this  Direction,  that  it  the  Lock  is  Kept  by  the  upper- 
moft  Tooth  in  the  Bottom,  the  Operator  cannot  be  moved  at  all  5  buc 
when  by  preffing  down  the  Tricker  a  a ,  (Fig.  4. )  the  Determinator  is  fhoved 
down,  and  is  flopp’d  by  the  fecond  or  third  Tootn  in  the  Bottom,  the 
Operator  being  alfo  drawn  down  as  far  as  the  Determinator  permits, 
makes  the  Stop  r,  (Fig.  1.  Svfi  A  A)  Hide  over  1  or  2  1  eeth  of  the 
fecond  Wheel  b  ;  confequently  the  fame  Stop  c,  muft  hide  over  9  Teeth, 
when  the  Lock  of  the  Determinator  will  ftand  before  the  10th  Tooth  m 
the  Bottom,  and  the  Operator  is  pulled  down  fo  far  If  you  havea  min 
to  apply  thefe  Rachet-Teeth  on  the  Outhde  of  the  Plate  O  O,  that 
covers  the  Whole,  you  may  fit  the  Lock  to  it  accordingly  :  But  in  this 

Cafe  the  Covering-Plate  muft  be  well  faftened. 

For  Multiplication  and  Divifion,  there  is  properly  in  each  Syftem  but 
one  Wheel,  likewife  divided  into  10  Rachet-Teeth,  on  which  is  nvetted 
the  round  Plate  l,  on  which  are  engraved  the  Numbers  or  Figures  tThetc 
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Wheels  have  no  occafion  for  any  Bridge,  but  may  turn  about  a  tlrong 
Ph? of  Steel  folder’d  to  the  Bottom.  The  Rachet  Wheel  mm  refts  on 
one  Side  upon  the  Determinator,  and  upon  a  Piece  of  Brafs  Oc  the Tame 
Thicknefs,  to  which  are  fattened  the  Stop  »,  and  the  Spring  p.  P°j| 
the  Ope  a  or  is  another  Stop  *,  with  it’s  Spring  ;  which  Stop  has  a  final 
Arm  at  o  which  is  checked  byafmall  Studd,  to  hinder  the  Spring  , 
prefiing  the  Stop  lower  down  than  it  ought:  By  which  Contrivance  n  is 
fo  order’d,  that  after  the  Operator  is  Aid  down  fo  far  as  it  can  go,  m 
beiro-  Aid  up  again,  the  Stop  o  will  turn  but  one  footn  of  the  Wheel mm. 
Theround  Plate  /  has  in  it’s  Middle  a  fmall  hollow  Axis,  on  which  are 
turned  firft  two  Shoulders,  and  then  a  Skrew- :  This  Skrew  in  the  Syftem 
A  A  is  an  ordinary  one,  winding  from  the  left  to  the  right. 

But  as  each  Syftem  ought  to  have  Communication  witn  nie  pieecuing 
one  though  not  with  that  which  follows;  to  this  enu  a  projecting  xoom 
of  communication  made  of  Steel  9  is  rivetted  to  the  upper  Plane  of  the 

uppermoft  Wheel  a.  This  Tooth  mutt  be  placed  exaftly  on  tne  I  omt  ot 
a  TooTh  of  the  Wheel,  and  by  it’s  Revolution  catches  and  turns  every 
time  but  one  Tooth  of  the  uppermoft  Wheel  of  tne  preceding  Syftem, 
flidir  cr  over  the  following  one  (if  there  be  any)  without  touching  it.  Foi 
“  ,!,=  Planes  of  .he  Brafs  Bottoms  in  nil  the  Syfam,  ought  to 

incline  a  little.  This  will  beft  appear  from  the  Vertical  Sec'ton  2. 

(cut  in  Fig.  I.  in  the  Direction  from  h  to f)  in  which-»  is  the  B.als- Bot¬ 
tom  HH  the  Wood-Bottom,  g  the  Operator  2  tne  Groove,  /  the 
third  common  Tooth-Wheel,  b  the  fecond  Wheel,  .the  firft  or  upper¬ 
moft  Ratchet-Wheel,  e  the  Bridge,  ©  the  CoverlnS^'"te’.  and  f  ^ 
Tooth  of  Commumcaton.  I  have  reprefented  all  tiuk  P  ecc.,  o 
Thicknefs  ;  but'  every  Artift  will  eafily  know  where  to  add  oi 'take  off 
Fig.  e.  fhews  the  Plan  and  true  Difpofition  of  the  Teeth  in  the  feveral 
uppermoft  Wheels;  that  is  to  fay.  The  Parallel  Lines  A  B  and  C  I 
ought  always  to  cut  the  Brafs  Bottoms  (which  are  like  one  another  m 
Length  and  Breadth)  length-wife  into  two  equal  Parts :  Then  tne  p  e  p  e¬ 
dicular  Interaction  EF  will  determine  the  Centers  a  and  i,  o.  th.  t*o 
Wheels  H  and  G.  The  ftop  r  ought  every  time  m  hold  it  s  Wheel  in 
fuch  a  manner,  that  the  Points  of  two  Teeth  co.ncide  vtkhtn.  L  i 
A  B  or  C  D.  The  Obliquity  of  the  Teeth  is  the  fame  in  both,  wit.i  t.ms 
difference  however,  that  in  G,  which  is  a  Wheel  of  the  Syftem  A  , 
(Fig.  i.)  they  are  cut  in  from  the  left  to  thenglu,  but  m  S.I  ( 
he  Svften  B B  )  from  right  to  the  left.  I  need  net  take  notice,  that  for 
makingthe  VVork*  mere  durable,  rh.  Teeth  arc  not  to  be  ».«- 
quite  fharp  Points,  but  blunted  a  little,  as  m  tne  Wheel  rl. 
of  the  whole  Machine  chiefly  confifts  in  placing  the  Center  «  and  o 
( which  amounts  to  the  fame  thing)  after  having ;  choien  he  B.ead  h  o 
the  Brafs-Bottoms,  in  determining  the  Diameter  o  t  it.  upp  *  -  m''.  ifl 

For  if  that  fhould  prove  fo  large,  as  that  the  two  Wheels  H  and  G  flmald 
very  near  touch  one  another,  the  T  ooth  of  CommumCa  ion  \  ,  ^  ’ 

it’s  Operation  will  be  of  a  fmall  Force,  and  the  Wheels  themfelves^nl 
* .  D  2  a 
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require  a  very  great  Exadlnefs,  left  by  turning  about  the1  Wheel  H,  and 
the  Tooth  of  Communication  {landing  in  the  Pofition  as  it  is  reprefented 
in  Fig.  5,  a  Tooth  of  the  Wheel  FI  may  touch  it,  and  ftop  the  Motion. 
Whereas,  on  the  other  hand,  fuppofing  the  Centers  at  the  fame  Diftance, 
znd  the  Diameters  of  both  Wheels  lefs,  the  Tooth  of  Communication  will 
be  longer  :  than  fuch  an  Exadlnefs  is  not  requir’d  in  the  Wheel,  yet  more 
Force  is  neceftary  for  making  the  Tooth  of  Communication  lay  hold  the 
better.  Furthermore,  it  will  be  well  for  you  to  make  the  undermoft 
common  Tooth- Wheel  as  large  as  you  can. 

From  the  Conftrudlion  of  this  firft  Syftem,  with  which  the  3d,  5th* 
yth,  &c,  entirely  agree,  one  may  eafily  imagine  the  2d,  4th,  6th,  8th, 
&c.  for  every  thing  there  alfo  is  the  fame,  except  only,  that  it  is  in¬ 
verted  •,  fo  that  what  in  the  firft  (lands  on  the  right-hand,  is  on  the  Left 
in  the  fecond. 

The  Plate  for  Multiplication  has  on  it’s  hollow  Axis,  as  it  is  faid  be¬ 
fore,  two  Shoulders,  the  lowermoft  of  which  is  very  fmall,  the  Sum  of 
it’s  Height,  the  Thicknefs  of  the  Plate  of  the  Wheel  mm,  and  of  the 
Operator  muft  amount  to  as  much  as  anfwers  to  the  Height  of  the  Bridge 
ee.  On  both  Ends  of  the  Brafs-Bottoms,  the  two  Pieces  of  Brafs  G  G  , 
of  the  fame  Height,  are  ri  vetted  on.  This  being  done,  at  laft  the  Cover¬ 
ing-Plates  O  G  is  prepared  and  fkrewed  on  the  Pieces  of  Brafs  G  G  .  If 
the  Machine  be  made  pretty  large,  the  Covering- Plate  muft  be  fkrewed 
faft,  not  only  to  the  Bridge  ee,  but  alfo  not  far  from  the  Wheel  of 
Multiplication.  It  muft  be  provided  not  only  with  round  Holes,  through 
which  are  to  go  the  Axis  of  each  uppermoft  Wheel  a ,  and  the  hollow 
Axis  of  the  Plate  l but  it  muft  alfo  have  a  long  Slit,  in  which  the  Ope¬ 
rator  and  Determinator  may  be  moved  up  and  down,  and  laft  of  alia 
fmall  Window  over  the  Plate  o ^Multiplication,  through  which  the  Figure 
or  Number  engraved  on  the  Plate  may  appear  diftindtly.  To  the  project¬ 
ing  Skrew  l,  of  the  Plate  /,  is  fitted  an  Handle  jf,  joined  to  an  Index  in 
the  Shape  of  a  Scythe.  The  Skrew  in  the  Syftem  A  A  is  a  common  Skrew, 
confequently  the  Roundnefs  of  the  Scythe  muft  turn  from  the  left  to  the 
right  5  but  in  the  Syftem  BB,  where  it  ought  to  be  inverted,  like  all  the 
other  Parts,  the  Scythe  muft  turn  from  the  right  to  the  left,  as  in  the 
Figure.  The  Ufe  of  this  is  to  (hew  which  Way  the  Wheels  are  to  be 
turned  ;  and  the  Skrews  are  to  prevent  the  Machine’s  being  hurt  by 
unfkilful  Hands, 

On  the  Side  of  the  Determinator,  viz.  on  that  Piece  which  cannot  be 
prefifed  down,  is  alfo  fkrewed  a  fmall  Index,  which  may  be  directed  to 
(uch  Numbers  or  Figures  as  is  required,  Thefe  Figures  are  to  be  engraven 
in  the  Covering-Plate,  according  to  the  Figure,  and  their  Diftance  de¬ 
pends  on  the  Ratchet-Teeth  ee  {Fig.  4  )  in  the  Brafs-Bottom. 

On  the  Axis  of  each  uppermoft  Wheel  a  (which  Axis  muft  be  made 
{quare  as  far  as  it  projects  over  the  Covering- Plate)  is  fixed  a  thin  round 
Silver-Plate  xx  (in  the  Syftems  BB  and  CC)  or  ad  in  Fig.  3.  yet  fo  that 
k  may  not  rub  againft  the  Covering-Plate.  It  has  a  hollow  Axis  be 

{Fig. 
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(Fig.  3.)  on  which  is  a  right  or  left  Skrew,  according  to  the  Syftem 
it  belongs  to,  and  a  final!  Shoulder  c.  To  the  Skrew  is  fkrewed  the 
Handle  fs  (Syftem  BB  and  CC,  Fig.  1.)  which  is  vertically  flat  on  the 
Extremity,  in  order  to  turn  by  it  the  Plate  and  the  Wheels.  The  Plate  (as 
appears  by  the  Figure)  is  divided  by  3  concentrick  Circles  into  two 
Rings,  in  the  outmoft  of  which  are  engraven  the  Numbers  for  Addition , 
in  the  inmoft  thofe  for  Subftraftion.  1  will  hereafter  call  this  Plate  only 
the  Silver-Plate,  the  firft  Ring  the  Addition- Ring,  the  fecond  the  Sub- 
ftr  aft  ion -Ring :  Moreover  two  Indexes  w  and  y  are  fkrewed  to  the  Cover¬ 
ing-Plate  ;  w  fhews  the  Numbers  of  the  outmoft  or  Addition  Ring,  and 
y  thofe  of  the  Snbfiraftion-Ring .  They  have  Hinges,  that  they  may  be 
lifted  up,  and  the  Silver-Plate  taken  out  or  put  in  again  v  Their  Curva¬ 
ture,  ferves  for  a  Direction,  which  way  the  Plates  ought  to  be  turned, 

A  fkilful  Artificer  will  be  able  to  give  them  a  neater  and  handfomer 
Shape,  than  here  in  the  Draught,  where  I  would  not  cover  the  Numbers. 

All  this  being  done,  there  remains  now  the  Figures  or  Numbers  to  be 
engraven,  in  the  manner  following :  Place  each  uppermoft  Wheel  a 
( Syftem  A  A)  fo  that  the  Tooth  of  Communication  be  ready  to  catch  (as 
in  G,  Fig.  5)  which  may  be  eafily  felt.  Obferve  in  the  Silver-Plate, 
where  the  Index  w  points,  and  there  engrave  the  Number  or  Figure  9, 
lower  down  in  the  Subftraftion-Ring,  where  the  Index y  points,  engrave 
the  Cypher  0.  After  this  divide  both  Rings  into  10  equal  Parts,  one  of 
which  is  already  defigned  for  9  in  the  Addition ,  and  another  for  0  in  the  Sub¬ 
ftraftion-Ring  ;  then  obferve  which  way  the  Wheel  turns,  if  from  the  right 
to  the  left,  as  in  Syftem  B  B,  then  you  muft  from  the  engraven  Number 
9  in  the  Addition -Ring,  towards  the  right  engrave  0  next,  then  1,  2,  3,  4, 
&c.  and  in  the  Subftraftion-Ring  towards  the  right  affo,  from  the  already 
engraved  0,  firft  engrave  9,  then  8,  7,  6,  &c.  ordine  inverfo.  But  if  the 
Wheel  turns  from  the  left  to  the  right,  as  in  the  Syftems  A  A  and  CC, 
you  engrave  the  Numbers  or  Figures  in  the  fame  Order,  but  from  the 
right  to  the  left.  fSee  in  Fig.  1.  the  Syftems  BB  and  CC.) 

In  the  Multiplication-Wheels  mm  you  muft  conduct  the  Indexjfexictly 
to  the  Window,  as  it  is  drawn  in  the  Syftem  BB  •,  mark  the  Place  on- 
the  round  Multiplication-Plate  under  the  Window,  and  engrave  upon  it 
the  Cypher  or  0  •,  Then  make,  by  two  concentrick  Circles,  a  Ring  upon 
this  Plate,  and  divide  this  Ring  into  ten  equal  Parts,  and  after  the  0  (already- 
engraven)  engrave  on  the  Numbers  1,  2,  3,  4,  5,  6,  7,  8,,  9,  in  the  fame 
Order  as  it  was  done  in  the  Addition-Ring  of  the  Silver-Plate  of  the  fame 
Syftem.  La  ft  of  all,  if  you  think  fit,  you  may  fkrew  on  thin  Ivory  Plates, 
to  note  upon  them  the  Numbers  which  are  to  be  calculated,  particularly 
a  long  final!  one  on  that  Side  of  the  Slit  of  the  Determinator,  where  there 
are  are  no  Numbers,  and  alfo  two  fliorter  broader  ones,  one  under  the 
Window  of  Multiplication ,  the  other  above  the  Silver-Plate.  All  this 
together  compofes  a  Machine,  by  the  help  of  which  you  may  perform  , 
all  the  four  Arithmetical  Rules- or  Operations».  The  Wav  of  working 
it,  is  as  follows  ii 
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I.  As  to  addition  :  For  inftance,  if  you  are  to  add  32  and  59:  becaufe 
the  hind  mod  Syftem  A  A  in  the  Figure,  which  ought  to  reprefent  the 
Place  of  Unites,  is  not  cover’d,  let  us  take  the  Syftem  BB  for  the  Place 
of  the  Unites,  and  the  Syftem  CC  for  the  Place  of  the  Tens  turn  the 
Silver-Plates  xx  in  thefe  two  Syftems,  that  the  Indexes  ww  point  to 
the  two  Numbers  5  and  9  j  then  make  the  Determinators  //,  //,  point 
alfo  to  3  and  2:  next  take  one  of  the  two  Operators,  ex.  gr.  in  BB, 
and  pull  it  down  as  far  as  you  can,  and  moveit  upwards  again.  This 
done,  the  Number  1  of  the  Silver  Plate  in  BB  will  come  by  this  means 
under  the  Index  w,  and  the  Number  6  of  the  Silver-Plate  in  the  Syftem 
CC  under  it’s  Index  at  the  fame  time,  which  is  6 1,  the  Sum,  59  and  2. 
After  this  move  the  Operator  of  the  Syftem  C  C  alfo  up  and  down,  when 
inftead  of  6,  9  will  come  under  the  Index-,  confequently  you  have  91 
under  the  Indexes  ww,  which  is  the  Sum  requir’d  of  59  and  32  added 
together.  The  Reafon  of  it  is  plain  ;  for  by  pulling  down  the  Operator 
of  the  Syftem  BB  fo  far,  the  Stop  c  of  the  lowermoft  or  common  Tooth- 
Wheel  f  ( vid .  Syft.  A  A)  will  Hide  over  two  Teeth  of  the  Rachet-middle- 
moft  Wheel  h\  and  by  moving  the  Operator  up  again,  the  fame  Stop  c 
will  turn  the  two  Ratchet-Wheels  a  and  h  together,  and  caufe  the  Stop  r 
of  the  great  or  uppermoft  Wheel  a  to  Hide  alfo  over  two  Teeth  \  at  the 
fame  time  the  Tooth  of  Communication  $  will  move  forward  one  Tooth 
of  the  uppermoft  Ratchet-Wheel  in  the  Syftem  CC-,  confequently  on 
the  Silver-Plate  in  BB,  inftead  of  9  the  Number  1,  and  in  Syftem  CC, 
inftead  of  5  the  Number  6  muft  appear  under  their  Indexes  ww  ;  and  fo 
for  the  fame  reafon,  having  pulled  up  and  down  the  Operator  of  the 
Syftem  CC,  the  Number  6 pointed  to  by  the  Index  muft  be  at  laft 
changed  into  9. 

II.  Subftr action.  Suppo fe  40  the  Sum,  from  which  you  are  to 
fubftradt  24 :  Here  you  muft  put  your  Sum  40  in  the  Subftraffion- Rings  ; 
that  is  to  fay,  turn  the  Cypher  0  in  the  Syftem  BB,  and  the  Number  4 
in  the  Syftem  CC,  under  the  Indexes yy,  as  the  Figure  fhews :  Set  the 
Determinators  at  24,  as  in  Addition  ;  move  alfo  the  Operators  only 
once  up  and  down,  the  Remainder  16  will  appear  under  the  Indexes 
y  y.  As  for  the  Reafon  of  this  Operation,  when  you  confider,  that 
the  Numbers  in  the  Subftraftion-Rings  are  engraven  inverfo  ordine ,  as 
it  is  faid  before,  you  will  find  that  it  is  the  fame  as  in  Addition . 

III.  Multiplication.  For  inftance  if  your  are  to  multiply  43  by  3, 
bring  the  0  in  all  your  Addition- Rings  to  the  Indexes,  as  alfo  in  all 
your  Multiplication  -  Plates '  in  the  Windows.  Write  down  (which  is 
more  particularly  necefiary  if  the  Numbers  are  larger  than  here)  the 
Multiplicand  43  upon  the  Ivory- Plates  near  the  two  Determinators  in 
the  two  Syftems  BB  and  CC:  But  the  Multiplicator  3,  you  may 
write  only  on  the  Ivory-Plate  under  the  Window  of  the  Syftem  B  B. 
Set  the  Determinators  at  43  then  move  your  Operators  fucceflively  as 
often  up  and  down,  till  there  appears  in  both  Windows  the  Number  3  ; 

,  „  '  -  '  -  ■  '  *  then 
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then  you  will  fee  on  your  Addition-Rings  under  the  Indexes,  the  Pro- 
diivt  I  2  Q  • 

It  is  eifv  to  underftand,  that  as  the  Multiplication  is  nothing  eilt 
than  a  repeated  Addition,  the  Machine  does  aifo  perform  it’s  Operation 
bv  a  repeated  Addition  only  :  For  the  Number  3,  which  appears  m  the 
Window  of  the  Syftem  BB,  lhews  how  many  Times  you  have  added 
the  Number  9,  pointed  by  the  Determinator  to  itfelf,  which  when  done 
5  Times'  is  q  And  fo  the  fame  Number  3,  which  appears  in  the 
Window’ of  the  Syftem  C  C,  after  your  Operation,  fhews  how  many 
Times  you  have  added  the  Number  4  to  itfelf.  I  need  not  to  make 
you  obferve,  that  bef.des  the  two  Syftems  B  B  and  C  C,  there  muft  be 
fuppofed  another,  not  exprefs’d  in  the  Figure,  which  will  fhew  the- 

Number  i  of  the  Product  129.^  ..  ,  r 

IV  Divifion.  If  you  are,  for  inftance,  to  divide  40  by  3,  fet  your 

Dividend  40  in  the  SuhftraBion-Rings  under  the  Indexes  yy,  in  the 
Syftem  B  B  and  C  C  •,  turn  the  Indexes/, /,  near  the  \\  indows  to  make 
0'  appear  ;  write  your  Divifor  near  the  Determinator  of  the  Syftem 
C  C,  and  fet  the  Determinator  at  3  pull  the  Operator  up  and  down,, 
then  you  will  have  1  under  the  Index y  and l  1  likewife  in  the  Window. 
Bv  this  you  fee,  that  you  cannot  work  further  in  this  Syftem  C  C,  oe- 
caufe  you  cannot  fubftraft  3  from  1:  You  muft  therefore  go  on,  to 
the  other  Figure  of  the  Dividend,  viz.  o,  and  in  the  Syftem  B  B  fee 
the  Determinator  again  at  3.  This  being  done,  the  firft  pulling  of  tne 
Operator  up  and  down  will  produce  1  in  the  Window,  and  7  in  the  Sub- 
llrablion-  Ring  under  the  Index,  and  the  Number  1  which  remained  be¬ 
fore  in  the  Syftem  C  C  will  be  changed  unto.  Now  as  7  is  more 
than  /  you  muft  work  on  accordingly  5  having  done  it  twice  more, 
you  will 'find  that  there  remains  under  the  Index  jr  but  1,  (which  is  the 
Numerator  of  your  Fraction)  and  below  in  the  two  Windows  the  Quo- 
tient  t  2  When  you  confider  that  Divifion  is  nothing  die  but  a  re¬ 
peated-  Subfiratiion,  you  will  alfo  eafily  underftand  the  Realon  of  this. 

°PThofe  Aat  underftand  the  Matter  ever  fo  little,  may  now  eafily  con¬ 
ceive"  how  thev  are  to  proceed  with  this  Machine  in  Examples : 

However,  for  greater  Clearnefs,  I  will  ex-plain  it  by  two  Examples. 

Suppoftng  there  are  fix  Syftems,  a,  b,  c,  d, 
e  f\  Let  all  the  Numbers  pointed  to  Dy  the 
Indexes  ww  be  in  A  B  y  thofe  which  are  to  ^  A 
pointed  to  by  the  Determinators  in  C  D  >  and 
thofe  which  are  feen  in  the  Windows,  in  Lr. 
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Rings  of  the  Stiver-Plates  and  your  Multipli-  — j— j  0  p 

cation- Plates  to  0  •,  viz.  that  under  all.  the  in-  ti. 
dexes  ww,  and  in  the  Windows  nothing  may 
appear  but  0.  Write  the  Number  3503  ne.a  c,  tbcm  no¬ 
th?  Determinator,  in  the  Syftems  a,  b,  c,  d,..  cordingh/t 
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cordingly  :  The  other  Number  58,  you  muft  write  down  Iikewife, 

but  under  the  Windows  in  Syftem  a  and  b,  as  you  fee  in  this  Scheme. 
Move  the  feveral  Operators,  which  are  moveable,  fuccefiively  as  often 
up  and  down,  till  8  appears  below  in  the  Windows,  and  you  will 
have  under  the  Indexes  above  28504,  the  Produci  of  3563  x  8.  And 
£0  the  Numbers  of  the  Machipe  will  appear  thus. 
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Next  advance  your  Multiplicand  3563, 
from  the  Right  to  the  Left  •,  that  is  to  fay, 
place  the  Determi nator  in  the  Syftem  b  at 
3,  in  c  at  6,  in  d  at  5,  in  e  at  3,  and  re¬ 
duce  every  Number  in  the  Windows  to  o, 
except  in  the  Syftem  a .  See  the  Scheme  fol¬ 
lowing. 


Then  pull  all  the  Operators  again  fuc- 
ceflively  in  b ,  r,  d,  and  e ,  up  and  down, 
till  5  appears  in  the  Windows  below,  and' 
you  will  find  at  laft  under  the  Indexes 
206654,  the  Produdl  of  3563  x  58. 
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But  if  you  are  to  divide  again  206654  by 
3563,  you  muft  place  the  Dividend  above  in 
the  Subtraction- Rings  under  the  Indexes.  In 
the  Windows  below,  every  Figure  muft  be  o, 
likewife  as  in  the  Multiplication  %  and  write 
the  Divifor  under  the  Dividend,  according  to 
Vulgar  Arithmetick ,  and  as  in  the  Figure  here 
annexed. 


If  you  dire<5l  the  Determinators  in  d ,  r,  £,  to  their  Numbers,  and 
fubftradt  this  Divifor  by  pulling  up  and  down  the  Operators  as  often 
as  you  can,  you  will  have  in  the  Windows  in  e ,  i,  c,  b ,  every  where 
5  %  but  on  the  Silver-Plates  there  will  remain  28504.  Now  ad- 
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vancing  your  Divifor  from  the  Left  to  the  Right,  bringing  to  the 
Windows  in  d ,  c ,  h ,  all  the  Cyphers  o,  and  operating  as  before,  there 
will  at  Jaft  appear  on  the  Silver-Plates  nothing  at  all,  but  below  in 
the  Windows  5888.  See  the  Figure  following  : 

And  here  you  have  only  this  to  obferve, 
that  in  fuch  Cafes,  you  cut  off  all  the  hinder- 
moft  Figures  or  Numbers  in  EF,  except  that 
which  (lands  under  the  firft  Figure  of  the  Di¬ 
vifor  ;  what  remains  is  your  Quotient, 
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As  for  what  remains,  if  it  be  objedled  that  this  Machine  cannot  be 
fitted  for  fo  many  and  long  Numbers,  as  one  would  pleafe,  becaufe 
the  Multiplication  of  fo  many  Syftems  would  require  too  great  a  Force 
for  one  Operator  to  move  fo  many  Wheels,  kept  by  Springs,  fuppo- 
fing  the  Cafe  that  all  the  Teeth  of  Communication  fhould  duly  catch  •,  I 
own  that  this  Objection  is  but  too  well  grounded  :  However,  I  cannot 
help  oblerving  at  the  fame  Time,  that  this  Defedl  can  hardly  be  avoid¬ 
ed,  in  any  Arithmetical  Machine,  for  performing  all  thofe  Operations 
of  itfelf,  without  the  Help  of  the  Mind  :  For  there  mud  certainly  be  a 
particular  Syftem  for  each  Plaice  of  Figures,  which  is  to  communicate 
with  the  next  ;  confequently,  as  the  Syftems  increafe  in  Number,  the 
Force  muft  increafe  alfo  which  is  required  for  moving  them  all.  Be- 
fides,  it  ought  to  be  confidered,  of  what  Size  fuch  a  Machine  ought 
to  be,  which  might  ferve  for  common  Ufe.  I  think  few  Calculations 
could  be  required,  for  which  14  or  16  Syftems  might  not  fuffice.  That 
which  I  made  was  of  7  Syftems,  'as  I  have  already  mentioned.  The 
Difpofition  of  it  was  neither  fo  well  contrived  as  I  have  explained  it 
here,  nor  were  it’s  feveral  Parts  fo  well  wrought,  as  a  good  Artificer, 
who  makes  Profeflion  of  fuch  Work,  might  have  performed  it  ;  yet 
thofe  7  Syftems  were  very  eafily  put  in  Motion  ;  and  if  in  a  Machine 
for  14  Figures  made  by  a  fkilful  Hand,  it  could  not  be  fo  eafily 
practicable,  this  DefeCt,  I  believe,  might  be  eafily  remedied,  by  ap¬ 
plying  the  other  Hand  in  the  fifth  or  fixth  Syftem  to  the  Handle  f  s, 
in  order  to  eafe  and  aflift  the  Operator. 

IV.  This  Text  may  very  well  be  divided  into  three  Parts  :  An  In¬ 
troduction,  containing  the  Method  of  Infinite  Series  ;  the  Method  of 
Fluxions  and  Fluents  ;  and  laftly,  the  Application  of  both  to  the  moft 
confiderable  Problems  of  the  higher  Geometry.  The  Comment  confifts 
of  very  valuable  and  curious  Annotations,  Illuftrations,  and  Supple¬ 
ments,  in  order  to  make  the  whole  a  compleat  Inftitution  for  the  Ufe 
of  Learners.  I  fhall  take  a  kind  of  comparative  View  of  the  Text  and 
Comment  together. 

VOL.  VIII.  Part  i,  E  '  The 


A  brief  Ac¬ 
count  by  Mr . 
John  Eames, 
Fi  R.  S.  of  a 
Work  entitled , 
The  Method 
of  Fluxions 
and  Infinite 
Series,  with 
it’s  Applica¬ 
tion  to  the 


26 

Geometry  of 
Curve  Lines, 
by  the  Inventor 
Sir  I.  New¬ 
ton,  Kt.  &c. 
Tranjlated 
fro7n  the  Au¬ 
thor  s  Latin 
Original  not 
yet  made  pub- 
lick.  To  which 
is  fubjoined  a 
perpetual  Com¬ 
ment  upon  the 
whole ,  &c. 
iyjohn  col- 
fbn,  M.  A 
and  F  R.  S. 
No.  443  p. 
320.  Od, 
1,73.6, 
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The  great  Author,  in  what  is  called  the  Introduction,  teaches  the 
Rudiments  of  his  Method  of  Infinite  Converging  Series,  which  is  pre¬ 
paratory  to  that  of  Fluxions.  In  this  he  fhews  how  all  Compound  Al¬ 
gebraical  Quantities  may  be  refolved  into  Series  of  fimple  Terms,  which 
will  converge  to  thofe  compound  Quantities,  or  rather  to  their  Roots  ; 
juft  as  in  common  Decimal  Arithmetick,  any  complicate  Number  what¬ 
ever,  rational  or  furd,  may  be  profecuted  and  exhibited  to  what  De¬ 
gree  of  Accuracy  we  pleafe,  by  decimal  Parts  continued  in  infinitum . 
And  this  general  Arithmetick  is  here  applied  to  the  finding  of  the 
Roots  of  all  kinds  of  Algebraical  Equations,  whether  pure  or  afFedted. 

And  this  DoCtrine  is  carried  on  Hill  farther  by  Mr  Colfon  in  his 
Comment.  He  purfues  the  Authors  Hint,  that  vulgar  Arithmetick 
and  Algebra,  decimal  Fra&ions  and  infinite  Series,  have  the  fame  com¬ 
mon  Foundation,  and  compofe  together  but  one  uniform  Science  of 
Computation.  For,  as  in  our  vulgar  Arithmetick,  when  rightly  ex¬ 
plained,  we  exprefs  and  compute  all  Numbers  by  the  Root  and  it’s 
feveral  Powers  and  their  Reciprocals,  together  with  a  Set  of  certain 
known  and  fmall  Coefficients  ;  fo  in  this  more  univerfal  Arithmetick 
of  infinite  Series,  we  do  the  fame  thing  in  effett,  by  means  of  any 
Root  aflumed  at  Pleafure,  it's  Powers  and  their  Reciprocals,  difpofed 
in  a  regular  defending  Order,  together  with  any  Coefficients,  as  it 
may  happen.  And  when  thefe  Series  duly  converge,  they  will  as  truly 
exhibit  by  their  Aggregate  the  Quantity  required,  as  a  Decimal  Frac¬ 
tion  infinitely  continued  will  approximate  to  it’s  proper  Qucefitum.  This 
gives  him  Occafion  to  expatiate  largely  upon  the  Nature  and  Conftruc- 
tion  of  Arithmetical  Scales,  particular  and  general ;  and  to  inquire  into 
the  Nature  and  Formation  of  Infinite  Series,  and  their  Circumftances 
©f  Convergency  and  Divergency.  To  explain  which  he  fhews,  that  in 
every  Series  there  is  always  a  Supplement  to  be  underftood,  when  it  is 
not  exhibited.  This  Supplement  fums  up  the  Series,  and  makes  it 
ftop  at  a  finite  Number  of  Terms,  in  Series  that  either  converge  or  di¬ 
verge.  Whence  in  diverging  Series  it  muft  neceflarily  be  found  and 
admitted,  or  otherwife  the  Conclufion  will  not  be  true  ;  but  in  con¬ 
verging  Series,  where  it  can  feldom  be  known,  it  may  fafely  be  omit¬ 
ted,  becaufe  it  continually  diminifhes  with  the  Terms  of  the  Series, 
and  finally  becomes  Iefs  than  any  affignable  Quantity. 

The  Nature  of  infinite  Series  being  thus  difplayed,  he  applies  them 
to  the  Refolution  of  all  kinds  of  Algebraical  Equations.  He  explains 
in  a  very  general  Manner,  the  Author’s  famous  Artifice,  for  finding 
the  Forms  of  the  Series  for  the  Roots,  and  their  initial  Approxima¬ 
tions,  by  means  of  a  Parallelogram  and  Ruler,  and  fhews  it’s  Applica¬ 
tion  in  all  Cafes.  Then  he  invents  many  ways  of  Analyfis,  by  which 
the  Roots  are  further  profecuted,  and  may  be  produced  to  any  Degree 
of  Accuracy  required.  Alfo  many  other  Speculations  are  added,  to 
compleat  the  Doctrine  of  Series  ;  particularly  a  very  general  and  ufeful 
Theorem,  for  the  Solution  of  all  affe&ed  Equations  in  Numbers. 

From 
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•  From  the  Refolution  of  Equations,  and  the  Do&rine  of  Infinite  Se¬ 
ries  which  finifhes  the  firft  Part  of  this  Work,  Sir  I.  Newton  pro¬ 
ceeds  to  lay  down  the  Principles  of  his  Method  of  Fluxions,  which  is 
the  chief  Defign  of  the  prefent  Treatife.  This  Method  he  founds  upon 
the  abftrad  or  rational  Mechanicks,  by  fuppofing.  all  Mathematical 
Quantities  to  be  generated,  as  it  were,  by  local  Motion,  and  therefore 
to  have  relative  Velocities  of  Increafe  or  Decreafe,  which  Veloci¬ 
ties  he  calls  Fluxions.  And  the  Quantities  fo  generated  by  a  conti¬ 
nual  Flux  he  calls  Fluents  or  flowing  Quantities  •,  the  Relation  of 
which  Fluents  is  always  expreffed  by  fome  Algebraical  Equation,  ei¬ 
ther  given  or  required.  If  this  Equation  be  given,  and  the  Relation 
of  the  Fluxions  is  required,  it  conftitutes  the  dir  eft  Method  of  Fluxions 
but  when  the  contrary,  ’tis  the  inverfs  Method  of  Fluxions. 

Sir  Ifadc,  in  his  firft  Problem,  which  takes  in  the  dired  Method  of 
Fluxions,  fhews  how  to  find  the  Relation  of  the  Fluxions  in  a  very 
general  Manner,  and  by  a  great  Variety  of  Solutions  This  way  of 
refolving  the  Problem  is  peculiar  to  this  Work.  He  hkewife  extends 
it  to  Equations  involving  feveral  Fluents,  which  accommodates  it  to 
thofe  Cafes,  wherein  any  complex  or  irrational  Quantities  may  be 
found,  or  Quantities  that  are  geometrically  irreducible.  Then  he 
demonftrates  the  Principles  of  his  Method,  or  the  Precepts  of  So¬ 
lution,  from  the  Nature  of  Moments  or  vanishing  Quantities,  and 
from  the  obvious  Properties  of  Equations,  which  involve  indetermi¬ 
nate  Quantities.  .  ,  _  _  .  , 

The  Commentator  much  enlarges  upon  this  whole  Doctrine  *,  he  en¬ 
ters  into  the  Reafon  and  Ufe  of  this  Multiplicity  of  Solutions,  and 
lhews  it  is  a  necefiary  Refult  from  the  different  Forms  the  fame  given 
Equation  may  acquire-.  But  efpecially  he  takes  the  Author’s  Demon- 
ftration  into  ftrift  Examination,  endeavours  farther  to  illuftrate  and  en¬ 
force  it’s  Evidence,  and  to  clear  it  from  all  the  Objections  that  eitner 
have  or  may  be  urged  againft  it.  He  even  contends,  that  though  the 
Moments  and  vamfhing  Quantities  of  the  Author  could  be  proved  to 
be  impoflible,  as  has  been  fuggefted  by  fome  Mathematicians,  yet  even 
then  they  would  be  fufficient  for  all  the  Purpoies  of  Fluxions,  and  he 
produces  Inftances  of  a  like  Nature  from  other .  x  arts  of  Mathema- 
ticks.  And  though  the  Author,  Sir  I.  Newton  ^  in  his  prefent  Trea¬ 
tife,  does  not  directly  mention  fecond  Fluxions,  or  thofe  of  higher 
Orders  ;  yet  the  ingenious  Commentator  thinks  proper  to  extend  his 
Enquiries  to  thefe  Orders  of  Fluxions,  demonftrates  their  Theory, 
gives  Rules  and  Examples  for  deriving  their  Equations,  proves  their 
relative  Nature,  and  even  exhibits  them  to  View  by  Geometiica  i- 
gures.  This  laft  he  does  chiefly  in  what  he  calls  the  Geometrical  and 
Mechanical  Elements  of  Fluxions  *,  and  he  contrives  a  very  genera 
Method,  by  means  of  Curve-lines  and  their  Tangents,  to  maker  ux- 

ions  and  Fluents  the  Objects  of  Senfe  and  ocular  InfpeCtion  >  anu 
,  E  2  thereby 
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thereby  he  illuftrates  and  verifies  the  received  Methods  of  deriving  their 
Equations  in  all  Cafes. 

In  the  Author’s  fecond  Problem,  or  the  Relation  of  the  Fluxions 
being  given  to  determine  the  Relation  of  the  Fluents,  which  includes 
the  inverfe  Method  of  Fluxions,  he  begins  with  a  particular  Solution 
of  it.  He  calls  this  Solution  particular,  becaufe  it  extends  only  to  fuch 
Cafes,  wherein  the  given  Fluxional  Equation  either  has  been,  or  might 
have  been,  derived  from  fome  previous  finite  Algebraical  Equation. 
Then  he  fhews  how  we  may  return  direcStly  to  this  Equation.  But  this 
is  feldom  the  Cafe  of  fuch  Fluxional  Equations,  whofe  Fluents  or  Roots- 
are  propofed  to  be  found.  For  they  have  commonly  Terms  either  re¬ 
dundant  or  deficient,  by  which  they  cannot  be  brought  under  this  par¬ 
ticular  Solution.  Therefore  to  anfwer  this  Cafe  alfo,  he  gives  us  a  gene¬ 
ral  Solution,  in  which  he  extra&s  the  Roots  of  any  propofed  Fluxional 
Equation,  by  feveral  ingenious  Methods  of  Analyfis.  And  here 
it  is  chiefly,  that  he  calls  his  Method  of  Infinite  Series  to  his  Affift- 
ance  ;  for  the  Fluent,  or  Root,  will  here  always  be  exhibited  by  a- 
Series.  And  to  find  the  Fluent  in  finite  Terms,  when  it  can  be  done,, 
requires  particular  Expedients,  as  we  fhall  fee  afterwards.. 

Mr  Colfon ,  in  his  Comment  upon  this  Part  of  the  Work,  is  very  full 
and  explicit.  He  explains  and  applies  the  Author’s  particular  Solution  ; 
but  is  much  more  copious  in  explaining  the  Examples,  and  clearing  up 
the  Difficulties  and  Anomalies  of  the  general  Solution.  This  is  chiefly 
performed  by  introducing  feveral  new  and  Ample  Methods  of  Analyfis* 
or  Proceflfes  of  Refolution  ;  and  by  applying  the  Authors  Artiflce  of 
the  Ruler  and  Parallelogram  mentioned  before,  to  thefe  Fluxional  Equa¬ 
tions  :  By  which  means  not  only  the  Forms  of  the  Series  are  determi¬ 
ned,  and  their  initial  Approximations,  as  has  been;  obferved  above  •,  but 
likewife  all  the  Series  may  be  found,  that  can  be  derived  from  the  fame 
Fluxional  Equation.  The  Commentator  concludes  by  giving  us  a  very 
general  Method  for  refolving  all  Equations,  whether  Algebraical  or 
Fluxional  *,  which  Method  requires  no  foreign  Affiftance,  or  no  fub- 
Adiary  Operations,  which  all  other  Methods  do.  It  is  founded  upon 
the  Ufe  and  Admiffion  of  the  higher  Orders  of  Fluxions,  and  is  exempli¬ 
fied  by  the  Solution  of  feveral  ufeful  Problems.  Here  the  Comment 
leaves  us,  but  we  will  go  on  with  our  Author. 

Having  thus  taught  us  the  Method  of  Fluxions  both  dired  and.  in? 
verfe,  he  proceeds  to  apply  this  Method  to  fome  very  curious  and  ge¬ 
neral  Problems,  chiefly  in  the  Geometry  of  Curve-lines.  As  firft,..  he 
determines  the  maxima  and  minima  of  Quantities  in  all  Cafes,  and  pror 
pofes  fome  elegant  Problems  to  illustrate  this  Doctrine.  Then  he 
teaches  us  to  draw  Tangents  to  Curves,  whether  Geometrical  or  Me¬ 
chanical,  and  that  after  a  great  Variety  of  Ways,  or  however  the  Na¬ 
ture  of  the  Curve  may  be  defined.  Here  likewife  he  propofes  fome 
Queftions,  to  exercife  and  improve  the  Learner  :  Then  is  very  parti¬ 
cular  upon  finding  the  Quantity  of  Curvature,  at  any  Point  of  a  given 
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Curve,  whether  Geometrical  or  Mechanical,  or  in  determining  the.. 

Centre’  and  the  Radius  of  Curvature  :  To  which  feveral  other  curious 
Speculations  are  fubjoined  of  a  like  Nature.  Here  he  communicates  a 
very  elegant  and  entirely  new  Problem,  for  determining  the  Quality 
Qf  the  Curvature,  at  any  Point  of  a  given  Curve  *,  or  how  the  Curva»  ■ 
ture  proceeds  in  refpedt  of  it’s  greater  or  lefs  Inequability. 

Afterwards  he  goes  on  to  the  Quadrature  of  Curves,  which  chiefly 
gives  Occafion  to  apply  the  inverfe  IVIethod  of  Fluxions  ,  and  fit  ft  he 
fliews  how,  by  the  direct  Method,  to  find  as  many  Curves  as  you  pleafe,. 

(or  to  determine  their  Equations)  the  Areas  of  which  fhall  be  capable 
of  an  exadt  Quadrature.  Then  he  Ihews  how  to  find  as  many  Curves 
as  you  pleafe,  which,  though  not  capable  of  a  juft  Quadrature,  yet 
their  Areas  may  be  compared  to  thofe  of  the  Conic  Sections,  or  or 
fuch  other  Curves  as  fhall  be  aftigned.  Laftly,  He  fliews  how  to  de¬ 
termine  in  general  the  Area  of  any  Curve  that  fhall  be  propofed,  chiefly^ 
by  the  Method  of  Infinite  Series  •,  where  many  curious  and  ufeful  Spe¬ 
culations  are  occafionally  introduced  and  inferred  :  As  how  to  afceitainr 
die  Limits  of  an  Area,  when  thus  found  analytically  *,  how  commo¬ 
di  ou  fly  to  fquare  the  Circle,  the  Ellipfis,  or  Hyperbola,  and  how  ter 
apply  the  Quadrature  of  this  laft  to  the  computing  a  Canon  of  Loga¬ 
rithms  ;  the  Conftrudtion  of  Tables  for  the  ready  finding  of  Quadra¬ 
tures,  or  the  Comparifon  of  Areas,  and  how  to  apply  them  to  the  fol- 
ving  of  other  like  Problems  •,  the  forming  of  Conftrudtions,  and  de- 
monftrating  Theorems  by  Fluxions  \  the  approximating  to  Aieas  me¬ 
chanically,  and  fuch  like.  p  . 

From  finding  of  Areas-  he  proceeds  to  the  Pe^hficdtion  of  Curves  ; 
and  firft  he  fhews  how  to  find  as  many  Curves  as  you  pleafe,  whofe 
Curve- lines  are  capable  of  an- exa<5t  Rectification.  Then  he  teaches  us 
to  find,  as  many  Curves  as  we  pleafe,  whofe  Curve-lines,  though  not 
capable  of  a  juft  Redlification,  yet  may  be  compared  with  the  Lengths 
of  any  Curve-lines  afligned,,  or  with  the  Areas  of  any,  Curve,  when  re¬ 
duced  to  the  Order  of  Lines.  Laftly,  he  determines  the  Lengths  of  any 
Curve  in  general,,  and  gives  feveral.  proper  Examples  of  it*  AH 
which  elegant  Speculations,  are  managed  with  admiiaole  Skill,  great 
Subtility,  and  fine  Contrivance. 

V.  In  the  firft  Book,  he  confiders  the  Properties  of  the  three  Sec-  An  Account? 
tions  of  a  Cone,  as  well.,  in,  ,  as  out  of  the  Cone.  And  to  make  this  Ea^es°^>  ^ 
Part  of  the  Work  of  more  Service  to  the  Reader,  he  has  not  only  ie~  of  a.  Book  en - 
ledted  the  moft  confiderable  Properties  of  thefe  Curves  that  aie  to  be  tituitf  A  MH- 
met  with  in  other.  Writers,  both  antient.and  modern,  but  has  added  L-  thematkal 
veral  new  ones,  which,,  as  he  informs  us,  are  inferted  in  their  proper  gy". 

Places.  And  that',  fuch  Gentlemen  as  are  defirous  to  read  S11  l*  "  tem  ol  Conic- 
Newton9 s  Principia,  but  are  a  Lofs  for  want  of  a  fuflicient  Acquaintance  se&ions,  with 
with  Conic-Seftions,  may  be  the  more  obliged,  .he  has  taken  particular- the  Doflrine, 
Care  to  demonftrate  fuch  Properties  as  Sir  Ifaac  preiuppofes  his  Readei 
to.be  acquainted  withah  Accordingly,  he  has  prefixed  a  fable  of  fuch  appije4_t0 
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Proportions,  informing  him  as  well  where  they  are  to  be  met  with  in 
this  Book,  as  in  Sir  L  Newton's  Principia  Mathematica. 

The  Proofs  made  ufe  of  in  his  Demonftrations,  are  fometimes  Al¬ 
gebraical,  at  other  Times  Geometrica),  according  as  he  finds  the  one 
to  be  plainer  and  fhorter  than  the  other. 

The  fecond  Book  treats  of  the  diredt  'Method  of  Fluxions.  And  here 
he  hopes  the  firfl  Principles  of  this  Method  are  laid  down,  not  only  in 
a  new,  but  very  plain  and  concife  Manner.  He  proceeds  to  fhew  the 
Ufe  of  Fluxions  in  the  Solution  of  the  common  Problems  of  finding 
the  Maxima  and  Minima  of  Quantities,  the  Radii  of  the  Evolution  of 
Curves,  and  the  Radii  of  Refradtion  and  Refledtion.  Under  the  firft 
of  thefe  Heads  he  tells  us,  particular  Care  has  been  taken  to  diftinguifh 
the  Maximums  from  the  Mini  mums,  a  Thing  which  has  not  been  taken 
Notice  of  fo  much  as  it  ought  to  have  been.  And  whereas  fome  Ma¬ 
thematicians  having  made  ufe  of  what  they  call  infinitely  fmall  Quan¬ 
tities,  are  forced  to  rejedl  fomething  out  of  the  Equation,  for  finding 
the  Fluxion  of  a  Redtangle,  whofe  Sides  are  varying  Quantities,  Mr 
Muller  ufes  only  finite  Quantities;  and  finds  the  Fluxion  of  fuch  a  Redt¬ 
angle  after  a  new  Manner,  without  rejedting  any  Quantity  for  it’s 
Smallnefs.  ,  He  does  the  fame  in  finding  the  Fluxion  of  a  Power.  And 
to  avoid  the  Ufe  of  infinitely  fmall  Quantities,  introduces  a  new  Prin¬ 
ciple,  viz.  That  a  Curve- Line  may  be  confidered  as  generated  by  the 
Motion  of  a  Point  carried  along  by  two  Forces  or  Motions,  one  in  a 
Diredlion  always  parallel  to  the  Abfcifs,  and  the  other  in  a  Diredtion 
always  parallel  to  the  Ordinate.  Hence  he  infers,  that  the  Fluxion  of 
the  Ordinate  is  to  the  Fluxion  of  the  Abfcifs,  as  the  Ordinate  is  to 
the  Subtangent  of  the  Curve. 

Having  like  wife  proved  from  the  firft  Suppofition,  that  if  the  de¬ 
fer  ibing  Point,  when  arrived  at  any  Place  given,  fliould  continue  to 
move  onwards,  with  the  Velocity  it  has  there,  it  would  proceed  in  a 
right  Line,  which  would  touch  the  Curve  in  that  Point  ;  he  concludes 
that  the  Diredtion  of  the  Force  in  that  Place  is  in  the  Tangent  to  the 
Curve  :  Confequently,  the  three  Diredtions  being  known  in  each  Place, 
the  Proportion  between  the  Velocities  of  the  urging  Forces  will  be  like- 
wife  known.  So  that  the  Nature  of  the  Curve  being  given,  the  Law 
obferved  by  thefe  Velocities  may  be  found  ;  and  if  the  Law  of  the 
Velocities  be  given,  the  Nature  of  the  Curve  may  likewife  be  given. 

Ift  the  third  and  laft  Book,  we  have  the  inverfe  Method  of  Fluxions, 
with  it’s  Application  to  the  feveral  Problems  folvable  by  it ;  fuch  as  the 
fuperficial  and  folid  Contents  of  curvilineal  Figures,  the  Rectification  of 
Curve- Lines,  Centers  of  Gravity,  Ofcillation  and  Percuftion.  Here  al- 
fo  Mr  Cotes' s  Table  of  Fluents  are  explained  and  illuftrated  by  Ex* 
amples. 

He  finifhes  this  Book  with  a  great  Variety  of  Problems,  that  are  of 
a  Phyfico-Mathematical  Nature,  feveral  of  which  are  new,  and  propo- 
fed  to  him  by  Mr  Belidor ,  Some,  indeed,  are  not  fo,  having  been 
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folved  by  Mefiieurs  Varignon  and  Parent  ;  but  then  he  has  folved  them 
after  a  different,  and,  as  he  hopes,  a  more  agreeable,  Manner,  the  Con- 
ftrudtion  being  more  Ample,  and  the  Procefs  much  fihorter. 

V.  The  Author’s  firft  Defign  in  compofing  this  Treatife,  was  to  efta-  rfn  Account 
blifh  the  Method  of  Fluxions  on  Principles  equally  evident  and  unex-  °f*  Book  en~ 
ceptionable  with  thofe  of  the  antient  Geometricians,  by  Demonffrations  ti^of  FlIxU** 
deduced  after  their  Manner,  in  the  mod  rigid  Form,  and  by  illuftrat-  onS)  jn  Two 
ing  the  more  abftrufe  Parts  of  the  Do&rine,  to -vindicate  it  from  the  Books,  by  Co- 
Imputation  of  Uncertainty  or  Obfcurity.  But  he  has  likewife  com-  ^  MTaurin, 
prehended  in  this  Work  the  Application  of  Fluxions  to  the  mod  im-  ^ath 
portant  geometrical  and  philofophical  Enquiries.  It  confifts  of  an  In-  p.  R.  S.  4to* 
trodu&ion,  and  two  Books.  In  the  Introduction  he  gives  an  Abftradt  in  z  Vol.  pag0 
of  the  Difcoveries  of  the  Antients  in  the  higher  Parts  of  Geometry,  763-  No.^ 
with  Obfervations  on  their  Method,  and  thofe  that  firft  fucceeded  to  id  pre^tgjj^m 
The  firft  Book  treats  of  Fluxions  in  a  geometrical  Method,  ,  and  the  27,  ,1742  3, ' 
fecond  treats  of  the  Computations. 

In  the  Introduction  we  have  an  Abftrad  not  only  of  the  Difcoveries 
of  the  Antients  in  the  higher  Parts  of  Geometry,  but  likewife  of  their 
Demonffrations.  After  an  Account  of  the  Propofitions  of  this  Kind,, 
that  are  to  be  found  in  the  12th  Book  of  Euclid ,  there  follows  a  Sum¬ 
mary  of  what  is  moft  material  in  the  Treatifes  of  Archimedes ,  concern¬ 
ing  the  Sphere  and  Cylinder,  Conoids  and  Spheroids,  the  Quadrature  off 
the  Parabola  and  the  fpiral  Lines,  The  Demonffrations  are  not  pre- 
cifely  in  the  fame  Form  as  thofe  of  Archimedes ,  but  are  often  illuffrated 
from  the  elementary  Propofitions  concerning  the  Cone,  or  Corollaries 
from  them,  after  the  Example  of  Pappus ,,  from  whom  the  Propofition  Coll.  Math, 
is  demonftrated,  and  rendered  more  general,  concerning  the  Area  of  the  Prop.  21. 
Spiral  that  is  generated  on  a  fpherical  Surface  by  the  Compofition  of  Ub.  4.: 
two  uniform  Motions  analogous-  to  thofe  by  which  the  Spiral  of  Ar¬ 
chimedes  is  defcribed  on  a  Plane.  This  Area,  though  a  Portion  ol  a 
curve  Surface,  is  found  to  admit  of  a  perfect  Quadrature,  and  this  Pro¬ 
pofition  concludes  the  Abftract.  He  takes  Occafion  from  thefe  Theo¬ 
rems  to  demonftrate  fome  Properties  of  the  Conic  Sections,  that  are  not 
mentioned  by  the  Writers  on  that  Subject  ;  and  there  are  more  ot  this 
Kind  defcribed  in  Chap.  11  and  14  of  Book  I.. 

It  is  known,  that  if  a  Parallelogram,  circumfcribed  about  a  given' 

Ellipfe,  have  it’s  Sides  parallel  to  the  conjugate  Diameters,  then  fffalii 
it’s  Area  be  of  an  invariable  or  given  Magnitude,  and  equal  to  the- 
Rectangle  contained  by  the  Axis  of  the  Figure  ;  but  this  is  only  a  Cafe  ■ 
ol  a  more  general  Propofition.  For  if,  upon  any  Diameter  produced  1 
without  the  Ellipfe,  you  take  two  Points,  one  on  each  Side  of  the  Center  • 
at  equal  Diftances  from  it,  and  the  Four  Tangents  be  drawn  from  thefe 
Points  to  the  Ellipfe,  thofe  Tangents  fhall  form  a  Parallelogram,  which , 
is  always  of  a  given  or  invariable  Magnitude,  when  the  Ellipfe  is  given,, 
if  the  Ratio  of  thofe  Diftances  to  the  Diameter  be  given  ;  and  when* 
the  Ratio  of  thofe  Diftances  to  the  Semidiameter  isthat  of  the  Diagonal  : 
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of.  a  Square  to  the  Side,  Cor  of  /2  to  1)  the  Parallelogram  has  it’s 
Sides  parallel  to  conjugate  Diameters.  It  is  likewife  fliown  .  here,  how 
theTriangles,  Frcipcxiu,  or  Polygonsof  any  Kind  are  deteimined,  which 
■circumfcribed  about  a  given  Ellipfe,  are  always  of  a  given  Magni- 

tude.  ' 

There  is  alfo  a  general  Theorem  concerning  the  Fruftum  or  a-Sphere, 

Cone,  Spheroid,  or  Conoid,  terminated  by  parallel  Planes,  when  com¬ 
pared. with  a  Cylinder  of  the  fame  Altitude  on  a  Bafe  equal  to  the  mid¬ 
dle  Seftion  of  the  Fruftum  made  by  a  Parallel  Plane.  The  Difference 
betwixt  the  Fruftum  and  the  Cylinder  is  always  the  lame  in  different 
Parts  of  the  fame,  or  of  fimilar  Solids,  when  the  Inclination  of  the 
Planes  to  the  Axis,  and  the  Altitude  of  the  Fruftum,  are  given.  _  This 
Difference  vanifhes  in  the  parabolic  Conoid.  It  is  the  fame  in  all 
Spheres  ;  being  equal  to  half  the  Content  of  a  Sphere  of  a  Diameter 
equal  to  the  Altitude  of  the  Fruftum.  In  the  Cone  it  is  one  Fourth  of 
the  Content  of  a  fimilar  Cone  of  the  fame  Height  with  the  Fruftum-, 
and  in  other  Figures  it  is  reduced  to  the  Difference  in  the  Cone. 

In  the  Remarks  on  the  Method  of  the  Antients,  the  Author  ob- 
ferves,  that  they  eftablifhed  the  higher  Parts  of  their  Geometry  on  the 
fame  Principles  as  the  Elements  of  the  Science,  by  Demonftrations  of 
the  fame  Kind  ;  that  they  feem  to  have  been  careful  not  to  fuppofe  any 
thing  to  be  done,  till  by  a  previous  Problem  they  had  fhewn  how  it 
was  °o  be  performed :  Far  lefs  did  they  fuppofe  any  thing  to  be  done, 
that  cannot  be  conceived  to  be  poflible,  as  a  Fine  or  Series  to  ^  be  ac¬ 
tually  continued  to  Infinity,  or  a  Magnitude  to  be  diminifhed  till  itbe- 
'  come  infinitely  lefs  than  it  was.  The  Elements  into  which  the  re- 
folved  Magnitudes  were  always  finite,  and  fuch  as  might  be  conceived 
to  be  real.  °  Unbounded  Eiberties  have  been  introduced  of  late,  by  which 
Geometry  (wherein  every  thing  ought  to  be  clear)  is  filled  with  Myf- 
teries,  and  Philofophy  is  likewife  perplexed.  Several  Inflances  of  this 
Kind  are  mentioned.  The  Series  1,  2,  3,  4,  5,  6,  7,  Uk.  is  fup- 
pofed  by  fome  to  be  aftually  continued  to  Infinity  ;  and,  after  fuch  a 
.  Suppofition,  we  are  puzzled  with  the  Queftion,  Whether  the  Num¬ 
ber  of  finite  Terms  in  fuch  a  Series  is  finite  or  infinite.  In 
order  to  avoid  fuch  Suppofitions,  and  their  Confequences,  the 
Author  chofe  to  follow  the  Antients  in  their  Method  of  De- 
monftration  as  much  as  poflible.  Geometry  as  been  always  confidered 
as  our  fureft  Bulwark  againfl:  the  Subtleties  of  the  Scepticks,  who  are 
ready  to  make  ufe  of  any  Advantages  that  may  be  given  them  againfl: 
it  *  ;  and  it  is  important,  not  only  that  the  Conclufions  in  Geometry 
be  true,  but  likewife  that  their  Evidence  be  unexceptionable.  How¬ 
ever,  he  is  far  from  affirming,  that  the  Method  of  Infinitefimals  is 

*  See  Bayli s  Di&ionar/,  Article  Zeno. 
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without  Foundation,  and  afterwards  endeavours  to  juftify  a  proper 
Application  of  it. 

The  Grounds  of  the  Method  of  Fluxions  are  defcribed  in  Chap.  x. 
Book  I.  and  again  Chap.  i.  Book  II.  In  the  former,  Magnitudes  ate 
conceived  to  be  generated  by  Motion,  and  the  Velocity  of  the  generat¬ 
ing  Motion  is  the  Fluxion  of  the  Magnitude.  Lines  are  fuppofed  to 
be  generated  by  the  Motion  of  Points.  The  Velocity  of  the  Point  that 
defcribes  the  Line  is  it’s  Fluxion,  and  meafures  the  Rate  of  it’s  Increafe 
or  Decreafe.  Other  Magnitude  may  be  reprefented  by  Lines  that  in¬ 
creafe  or  decreafe  in  the  fame  Proportion  with  them  ;  and  their 
Fluxions  will  be  in  the  fame  Proportion  as  the  Fluxions  of  thofe 
Lines,  or  the  Velocities  of  the  Points  that  defcribe  them.  When 
the  Motion  of  a  Point  is  uniform,  it’s  Velocity  is  conflant,  and  is 
meafured  by  the  Space  which  is  defcribed  by  it  in  a  given  Time. 
When  the  Motion  varies,  the  Velocity  at  any  Term  of  the  Time  is 
meafured  by  the  Space  which  would  be  defcribed  in  a  given  Time, 
if  the  Motion  was  to  be  continued  uniformly  from  that  Term  with¬ 
out  any  Variation.  In  order  to  determine  that  Space,  and  confequent- 
ly  the  Velocity  which  is  meafured  by  it,  four  Axioms  are  propofed 
concerning  variable  Motions,  two  concerning  Motions  that  are  accele¬ 
rated,  and  two  concerning  fuch  as  are  retarded.  The  firfl  is,  ~That 
the  Space  defcribed  by  an  accelerated  Motion  is  greater  than  the  Space 
which  would  have  been  defcribed  in  the  fame  Time,  if  it  had  not  been 
accelerated,  but  had  continued  uniform  from  the  Beginning  of  the 
Time.  The  fecond  is,  That  the  Space  which  is  defcribed  by 
an  accelerated  Motion,  is  lefs  than  the  Space  which  is  defcribed 
in  an  equal  Time  by  ' the  Motion  which  is  acquired  by  that  Ac¬ 
celeration  continued  afterwards  uniformly.  By  thefe,.  and  two  fimi- 
lar  Axioms  concerning  retarded  Motions,  the  Theory  of  Motion  is 
rendered  applicable  to  this  Dodtrine  with  the  greatefl  Evidence,  with¬ 
out  fuppofing  Quantities  infinitely  little,  or  having  Recourfe  to  prime 
or  ultimate  Ratios .  The  Author  firfl  demonflrates  from  them  all  the 
general  Theorems  concerning  Motion,  that  are  of  Ufe  in  this  Doc¬ 
trine  •,  as  that  when  the  Spaces  defcribed  by  two  variable  Motions 
are  always  equal,  or  in  a  given  Ratio ,  the  Velocities  are  always 
equal,  or  in  the  fame  given  Ratio  •,  and  converfely,  when  the 
Velocities  of  two  Motions  are  always  equal  to  each  other,  or  in  a  given 
Ratio ,  the  Spaces  defcribed  by  thofe  Motions  in  the  fame  Time  are  al¬ 
ways  equal,  or  in  that  given  Ratio  ;  that  when  a  Space  is  always  equal 
to  the  Sum  or  Difference  of  the  Spaces  defcribed  by  two  other  Mo¬ 
tions,  the  Velocity  of  the  firfl  Motion  is  always  equal  to  the  Sum  or 
Difference  of  the  Velocities  of  the  other  Motions  ;  and  converfely,  that 
when  a  Velocity  is  always  equal  to  the  Sum  or  Difference  of  two  other 
Velocities,  the  Space  defcribed  by  the  firfl  Motion  is  always  equal  to 
the  Sum  or  Difference  of  the  Spaces  defcribed  by  thefe  two  other  Mo¬ 
tions.  In  comparing  Motions  in  this  Dodlrine,  it  is  convenient  and 
V  O  L.  VIII.  Part  i.  F  ufual 
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ufual  to  fuppofe  one  of  them  uniform  ;  and  it  is  here  demonftrated, 
that  if  the  Relation  of  the  Quantities  be  always  determined  by  the  fame 
Rule  or  Equation,  the  Ratio  of  the  Motions  is  determined  in  the 
fame  Manner,  when  both  are  fuppofed  variable.  Thefe  Proportions 
are  demonftrated  ftridly  by  the  fame  Method  which  is  carried  on  in  the 
enfuing  Chapters  for  determining  the  Fluxions  of  the  Figures. 

In  Chap.  II.  a  Triangle  that  has  two  of  it’s  Sides  given  in  Pofition, 
is  fuppofed  to  be  generated  by  an  Ordinate  moving  parallel  to  itfelf 
along  the  Safe.  When  the  Bafe  increafes  uniformly,  the  Triangle  in- 
creafes  with  an  accelerated  Motion,  becaufe  it’s  fucceftive  Increments  are 
Trapezia ,  that  continually  increafe.  Therefore,  if  the  Motion  with 
which  the  Triangle  flows,  was  continued  uniformly  from  any  Term  for 
a  given  Time,  a  lefs  Space  would  be  defcribed  by  it  than  the  Incre¬ 
ment  of  the  Triangle,  which  is  actually  generated  in  that  Time  by 
Axiom  I.  but  a  greater  Space  than,  the  Increment  which  was  adua}ly~ 
generated  in  an  equal  Time  preceding  that  Term,  by  Axiojp;  IE  :an<4 
hence  it  is  demonftrated,  that  the  Fluxion  of  the  Triangle  is  accurately; 
meafured  by  the  Rectangle  contained  by  the  correfponding  Ordinate  of 
the  Triangle,  and  the  right  Line  which  meafures  the  Fluxion  of  the 
Bafe.  The  Increment  which  the  Triangle  acquires  in,  any  Time,  is  re- 
folved  into  two  Parts  *,  that  which  is  generated  in  confequence  of  the 
Motion  with  which  the  Triangle  flows, at  jthe  B-eginning  of  the  Time, 
and  that  which  is  generated  in  confequence  of  t;he  Acceleration  of  thi&. 
Motion  for  the  fame  Time,  The  latter  is  juftly  neglected  in  meafuring 
that  Motion  (or  the  Fluxion  of  the  Triangle  at  that  Term)  but  may 
ferve  for  meafuring  it’s  Acceleration,  or  the  fecqnd  Fluxion/ of  the. 
Triangle.  The  Motion  with  which  the  Triangle  flows,  i$(;fi9dUr  to 
that  of  a  Body  defeending  in  free  Spaces  by  an  uniform  Q^ayfty,  the 
Velocity  of  which,  at  any  Term  of  yheTime,r  is  not  to  be^fafured  by 
the  Space  defcribed  by  the  Body  in  a  given  Time,  either,  before  or  af¬ 
ter  that  Term,  becaufe  the  Motion  continually  increafes,  but  by  a 
Mean  between  thefe  Spaces. 

When  the  Sides  of  a  Redangle  increafe  or  decreafe  with  uniform 
Motions,  it  may  be  always  confidered  as  the  §um  -  or  Difference  of  a 
Triangle  and  Trapezium  \  and  it’s  Fluxion  is.  derived  from  the  laft  Pro- 
pofition.  If  the  Sides  increafe  with  uniform  Motions,  the  Redangle 
increafes  with  an  accelerated  Motion  ;  and  in  meafuring  this  Motion  at 
any  Term  of  the  Time,  a  Part  of  the  Increment  of  the  Redangle, 
that  is  here  determined,  is  rejeded,  as  generated  in  confequence  of  the 
Acceleration  of  that  Motion. 

The  Fluxions  of  a  curvilineal  Area  (whether  it  be  generated  by  an 
Ordinate  moving  parallel  to  itfelf,  or  by  a  Ray  revolving  about  a  given 
Center)  and  of  the  Solid,  generated  by  the  Area  revolving  about  the 
Bafe,  are  determined  by  Demonftrations  of  the  fame  Kind  \  and  when 
the  Ordinates  of  the  Figure  increafe,  the  Increment  of  the  Area  is  re¬ 
vived  in  like  manner  into  two  Parts,  qne  of  which  is  only  to  be  re- 
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tained  in  meafunng  the  -Fluxion  of  the  Area,  the  other  being  rejected 
as  venerated  in  confequence  of  the  Acceleration  of  the  Motion  with 
whTcli  the  Figure  flows.  An  Illuftfatidn  of  fecond  and  third  Fluxions 
is  criven  by  revolving*  the  Increment  of  a  Pyramid  or  Gone  into  the  fe- 
veral  refpedtive  Parts  that  are  conceived  to  be  generated  in  confequence 
of  the  firft,  fecond,  and  third  Fluxions  of  the  Solid,  when  the  Axis  is 

fuppofed  to  flow  uniformly. 

In  Chap.  V.  a  Series  of  Lines  in  Geometrical  Progreflion  are  repre- 
fented  by1  an  eafy  Conftrudtion.  The  firfh  Term  being  fuppofed  inva¬ 
riable,  and  the  fecond  to  increafe  uniformly,  all  the  fubfequent  Terms 
increafe  with  accelerated  Motions.  The  Velocities  oi  the  Points  that 
defcribe  thofe  Lines  being  compared,  it  is  demonftrated  from  the 
Axioms  by  common  Geometry,  that  the  Fiuxlons  of  any  two^  Perms 
are  in  a  Ratio  compounded  of  the  Ratio  of  the  Terms,  and  of  the  Ra¬ 
tio  of  xhz  Numbers  that  exprefs  how  many  Terms  precede  them  in  the 

Progreflion.  L  . 

In  Chap.  VI.  the  Nature  and  Properties  of  Logarithms  are  defcribed 
after  the  celebrated  Inventor  *,  and  it  is  obferved,  that  he  made  uie  of 
the  very  Terms  Fluxus  and  Fluat  on  this  Occaflon.  A  Line  is  faid  to 
increafe  or  decreafe  proportionally ,  when  the  Velocity  of  the  Point,  that 
defcribes  it,  is  always  as  it’s  Diftance  from  a  certain  Term  of  the  Line  $, 
and  if  in  the'  meah  time  another  Point  defcribes  a  Line  with  a  certain 
uniform  Motion,  the  Space  defcribed  by  the  latter  Point  is  always  the 
Logarithm  of  the'  Diftance  of  the  former  from  the  given  Term.  Hence 
the  Fluxion  of  this  Diftance  is  to  the  Fluxion  of  it/s  Logarithm  as  that 
Diftance  is  to  an  invariable  Line  *,  and  the  Fluxions  of  the  Quantities 
that  have  their  Logarithms  in  an  invariable  Ratio ,  are  to  each  other  in 
a  Ratio  compounded  of  this  invariable  Ratio ,  and  of  the  Ratio  of  the 
Quantities  themfelves.  Some  Propofitions  are  demonftrated,  that  re¬ 
late  to  the  Computation  of  Logarithms  •,  but  this  Subjed  is  profecuted 
farther  in  the  fecond  Book.  The  Logarithm ick  Curve  is  here  defciib- 
ed,  with  the  Analogy  betwixt  Logarithms,  and  Hyperbolic  Ratios, 

In  Chap.  VI I.  after  a  general  Definition  of  Tangents,  it  is  demon¬ 
ftrated,  that  the  Fluxions  of  the  Safe,  Ordinate,  and  Curve,  are  in  the 
fame  Proportion  to  each  other,  as  the  Sides  of  a  Triangle  relpedfiveiy 
parallel  to  theBafe,  Ordinate,  and  Tangent.  When  the  Bafe  is  fuppo¬ 
fed  to  flow  uniformly,  if  the  Curve  be  convex  towards  the  Bale,  the  Or¬ 
dinate  and  Curve  increafe  with  accelerated  Motions  ,  but  their  Fluxions 
at  any  Term  are  the  fame  as  if  the  Point  which  defcribes  the  Curve  had 
proceeded  uniformly  from  that  Term  in  the  Tangent  there.  Any  fur- 
ther  Increment  which  the  Ordinate  or  Curve  acquires,  is  to  be  imputed 
to  the  Acceleration  of  the  Motions  with  which  they  flow.  A^Ray  that 
revolves  about  a  given  Center,  being  fuppofed  to  meet  any  Curve  and 
an  Arc  of  a  Circle,  defcribed  from  the  fame  Center,  the  Fluxions  ot 
the  Ray,  Curve,  and  circular  Arc,  are  compared  together  ;  andfcveiai 

other  Pfopofitions  concerning  Tangents  are  demonftrated  from  the 
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Axioms.  1  he  next  Chapter  treats  of  the  Fluxions  of  curve  Surfaces  In 
a  fimilar  Manner. 

Chap.  IX.  treats  chiefly  of  the  greateft  and  leaft  Ordinates  of  Fi¬ 
gures,  and  of  the  Points  of  contrary  Flexure  and  Cufpids.  The  Fluxion 
of  the  Bafe  being  given,  when  the  Fluxion  of  the  Ordinate  vanifhes, 
the  Tangent  becomes  parallel  to  the  Bafe,  and  the  Ordinate  moil  com¬ 
monly  is  a  Maximum  or  Minimum ,  according  to  the  Rule  given  by 
Authors  upon  this  Subjed.  But  if  the  2d  Fluxion  of  the  Ordinate 
vanifh  at  the  fame  Time,  and  the  3d  Fluxion  be  real,  this  Rule  does 
not  hold,  for  the  Ordinate  is  in  that  Cafe  neither  a  Maximum  nor 
Minimum.  If  the  iff,  2d,  and  3d  Fluxions  vanifh,  and  the  4th  Fluxion 
be  real,  the  Ordinate  isAa  Maximum  or  Minimum .  The.  general  Rule 
demonftrated  in  this  Chapter,  and  again  in  the  lafl:  Chapter  of 
Book  II.  is,  that  when  the  ifi  Fluxion  of  the  Ordinate,  with,  it’s 
Fluxions  of  any  fubfequent  fucceflive  Orders,  vanifh,  and  the  Number 
of  all  thefe  Fluxions  that  vanifh  is  odd,  then  the  Ordinate  is  a  Maxi- 
tnum  or  Minimum ,  according  as  the  Fluxion  of  the  next  Order  to  thefe 
is  negative  or  pofltive.  The  Ordinate  pafles  through  a  Point  of  con¬ 
trary  Flexure,  when  it’s  Fluxion  becomes  a  Maximum  or  Minimum 4 
liippoflng  the  Curve  to  be  continued  on  both  Sides  of  the  Ordinate. 
Hence  the  common  Rule  for  finding  the  Points  of  contrary  Flexure  is 
corrected  in  a  fimilar  Manner.  Such  a  Point  is  not  always  formed 
when  the  2d  Fluxion  of  the  Ordinate  vaniflies  \  for  if  it’s  3d  Fluxion 
likewife  vanifhes,  and  it’s  4th  Fluxion  be  real,  the  Curve  may  have  it’s 
Cavity  turned  all  one  Way.  The  fame  is  to  be  faid,  when  it’s  Fluxions 
of  the  fubfequent  fucceflive  Orders,  vanifh,  if  the  Number  of  all  thofe 
that  vanifh  be  even.  Other  Theorems  are  fubioiaed  relating  to  this 
Subje&r. 

Chap.  X.  treats  of  the  Afymptotes  of  Lines,  the  Areas  bounded  by 
them  and  the  Curves,  the  Solids  generated  by  thefe  Areas  of  fpiral  Lines, 
and  the  Limits  of  the  Sums  of  Progrefiions.  The  Analogy  there  is  be¬ 
twixt  thefe  Subje&s,  induced  the  Author  to  treat  of  them  in  one  Chapter, 
and  illuftrate  them  by  one  another.  He  begins  with  three  of  the  moll 
fimple  Inftances  of  Figures  that  have  Afymptotes.  In  the  common 
Hyperbola,  the  Ordinate  is  reciprocally  as  the  Bafe,  and  therefore  de- 
creafes  while  the  Bafe  increafes,  but  never  vanifhes,  becaufe  the  Redl- 
angle  contained  by  it  and  the  Bafe  is  always  a  given  Area,  and  it  is  af- 
fignable  at  any  afiignable  Diftance,  how  great  foever.  The  Points  of  the 
Conchoid  are  determined  by  drawing  right  Lines  from  a  given  Center, 
and  upon  thefe  produced  from,  the  Afymptote, taking  always  a  given  right 
Line  ;  fo  that  the  Curve  never  meets  the  Afymptote,  but  continually 
approaches^©  it,  becaufe  of  the  greater  and  greater  Obliquity  of  this, 
right  Line.  The  3d  is  the  Logarithmic  Curve,  wherein  the  Ordi¬ 
nates,  at  equal  Difiances,  decreafe  in  Geometrical  Proportion,  but  ne¬ 
ver  vanifh,  becaufe  each  Ordinate  is  in  a  given  Ratio  to  the  preceding 
Ordinate.  Geometrical  Magnitude  is  always  underftood  to  confifi  of 
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Parts  ;  and  to  have  no  Parts,  or  to  have  no  Magnitude,  are  confidered 
as  equivalent  in  this  Science  *.  There  is,  however,  no  Neceftity  for 
confidering  Magnitude  as  made  up  of  an  infinite  Number  of  fmall  Parts  * 
it  is  fufficient,  that  no  Quantity  can  be  fuppofed  to  be  fo  fmall,  but  it 
may  be  conceived  to  be  diminifhed  further-,  and  it  is  obvious,  that  we 
are  not  to  eftimate  the  Number  of  Parts  that  may  be  conceived  in  a 
given  Magnitude,  by  thofe  which  in  particular  determinate  Circum- 
fiances  may  be  actually  perceived  in  it  by  Senfe  ;  fince  a  greater  Num¬ 
ber  of  Parts  become  vifible  in  it  by  varying  the  Circumftances  in  which 
it  is  perceived. 

It  is  hardly  poffible  to  give  a  tolerable  Extract  of  this  or  the  follow¬ 
ing  Chapters,  without  Diagrams  and  Computations:  We  fhall -there¬ 
fore  obferve  only,  that  after  giving  fome  plain  and  obvious  Inflances, 
wherein  a  Quantity  is  always  increafing,  and  yet  never  amounts  to  a  cer¬ 
tain  finite  Magnitude  (as,  while  the  Tangent  increafes,  the  Arc  in- 
creafes,  but  never  amounts  to  a  QuadrantJ  this  is  applied  fucceflively 
to  the  feveral  Subjects  mentioned  in  the  Title  of  the  Chapter.  Let 
the  Figure  be  concave  towards  the  the  Bafe,  and  fuppofe  it  to  have  am 
Afymptote  parallel  to  the  Bafe  in  this  Cafe  the  Ordinate  always  in¬ 
creafes  while  the  Bafe  is  produced,  but  never  amounts  to  the  Diftance 
between  the  Afymptote  and  the  Bafe.  In  like  manner  a  curvilineaf 
Area,  in  a  fecond  Figure,  may  increafe,  while  the  Bafe  is  produced;, 
and  approach  continually  to  a  certain  finite  Space,  but  never  amount  to 
it:  This  is  always  the  Cafe,  when  the  Ordinate  of  this  latter  Figure  is 
to  a  given  right  Line,  as  the  Fluxion  of  the  Ordinate  of  the  former  is 
to  the  Fluxion  of  the  Bafe  ;  and  of  this  various  Examples  are  given.  A 
Solid  may  increafe  in  the  fame  Manner,  and  yet  never  amount  to  a 
given  Cuf>e  or  Cylinder,  when  the  Square  of  the  Ordinate  of  the  latter 
Figure  is-  to  a  given  Square,  as  the  Fluxion  of  the  Ordinate  of  the  firfl: 
Figure  is  to  the  Fluxion  of  the  Bafe.  A  Spiral  may  in  like  manner 
approach  to  a  Point  continually,  and  yet  in  any  Number  of  Revolu¬ 
tions  never  arrive  at  it  and  there  are  ProgrefTions  of  Fractions  that: 
may  be  continued  at  Pleafure,  and  yet  the  Sum  of  the  Terms  may  be 
always  lefs  than  a  given  Number.  Various  Rules  are  demonflrated,. 
and  illuftrated  by  Examples,  for  determining  when  a  Figure  has  am 
Afymptote  parallel  or  oblique  to  the  Bafe  *,  when  the  Area  terminated 
by  the  Curve  and  the  Afymptote  has  a  Limit  which  it  never  exceeds, 
or  may  be  produced  till  it  furpafs  any  affignable  Space  ;  when  the  So¬ 
lid  generated  by  that  Area,  the  Surface  generated  by  the  Perimeter  of 
the  Curve,  the  fpiral  Area  generated  by  the  revolving  Ray,  the  fpiral. 
Line  itfelf,  or  the  Sum  of  the  Terms  of  a  Progreffion,  have  fuch  Li¬ 
mits  or  not  *,  and  for  meafuring  thofe  Limits.  The  Author  infills  on 
thefe  Subje&s,  the  rather  that  they  are  commonly  defcribed  in  very  my- 
flerious  Terms,  and  have  been  the.  moil  fertile  of  Paradoxes  of  any 


*  See  Euclid1  %  Elements,,  Def.  I.  Lib.  I. 
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Parts  of  the  higher  Geometry.  Thefe  Pradoxes,  however, 'amount  to 
no  more  than  this:  That  a  Lane  or  Number  may  be  continually  -ac¬ 
quiring  Increments,  and  thofe  Increments  may  decreafe  in  fuch  a  Mam 
ner,  that  the  whole  Line  or  Number  fhall  never  amount  to  a  given 
Line  or  Number.  The  Neceffity  of  admiring  this  is  obvious  enough, 
and  is  here  fhewn  from  the  Nature  of  the  moft  common  geometrical 
Figures  in  Art.  292,  293,  &c,  and  from  any  Series  of  Fractions  that 

decreafe  continually,  in  Art.  354,  355’ 

Chap.  XL  treats  of  the  Curvature  of  Lines,  it’s  Variation,  the  De¬ 
grees  of  Contact  of  the  Curve  and  Circle  of  Curvature,  and.  of  various 
Problems  that  depend  on  the  Curvature  of  Lines.  This  Subject  is  treat¬ 
ed  fully,  becaufe  of  it’s  extenfive  Ufefulnefs,  and  becaufe  in  this  con¬ 
ii  ft  s  one  of  the  greateft  Advantages  of  the  modern  Geometry  above  that 
of  the  Antients,  The  Author  on  this,  as  former  Occafions,  begins  by 
premifmg  the  neceifary  Definitions.  Curve  Lines  touch  each  other  in  a 
Point,  when  the  fame  right  Line  is  their  common  Tangent  at  that 
Point  5  and  that  which  has  the  clofeft  Contact  with  the  Tangent,  or 
pa  fifes  betwixt  it  and  the  other  Curve  through  the  Angle  of  Contad 
formed  by  them,  being  lefs  infieded  from  the  Tangent,  is  therefore 
lefs  curve.  Thus  a  greater  Circle  has  a  lefs  Curvature  than  a  leifer 
Circle  ;  and  Unce  the  Curvature  of  Circles  may  Be  varied  indefinitely, 
by  inlarging  or  diminifhing  their  Diameters,  they  afford  a  Scale  by 
which  the  Curvature  of  other  Lines  may  be  meafured.  As  the  Tan¬ 
gent  is  the  right  Line  which  touches  the  Arc  fo  clofely,  that  no  other 
right  Line  can  be  drawn  between  them  ;  fo  the  Circle  of  Curvature  is 
that  which  touches  the  Curve  fo  clofely,  that  no  other  Circle  can  be 
drawn  through  the  Point  of  Contad  between  them.  As  the  Curve  is 
feparated  from  itss  Tangent  in  confequence  of  it’s  Flexure  or  Curvature, 
fo  it  is  feparated  from  the  Circle  of  Curvature  in  confequence  of  the  Va¬ 
riation  of  it9s  Curvature  ^  which  is  greater  or  lefs,  according  as  it’s 
Flexure  from  that  Circle  is  greater  or  lefs. 

The  Tangent  of  the  Figure  being  con fidered  as  theBafe,  a  new  Fi¬ 
gure  is  imagined,  whole  Ordinate  is  a  third  Proportional  to  the  Ordi¬ 
nate  and  Safe  of  the  firft.  This  new  Figure  determines  the  Chord  of 
the  Circle  of  Curvature,  by  it’s  Interfedion  with  the  Ordinate  at  the 
Point  of  Contad,  and  by  the  Tangent  of  the  Angle  in  which  it  cuts 
that  Circle,  meafures  the  Variation  of  Curvature.  The  lefs  this  Angle 
is,  the  clofer  is  the  Contad  of  the  Curve  and  Circle  of  Curvature,  of 
which  there  may  be  indefinite  Degrees.  When  the  Figure  pro pofed  is 
a  conic  Sedion,  the  new  Figure  is  likewife  a  conic  Sedion  ;  and  it  is 
a  right  Line  when  the  firil  Figure  is  a  Parabola ,  and  the  Ordinates  are 
parallel  to  the  Axis  5  or  when  the  firil  Figure  is  an  Hyperbola ,  2nd 
the  Ordinates  are  parallel  to  either  Afymptote.  Hence  the  Curvature 
and  it’s  Variation  in  a  conic  Sedion  are  determined  by  feveral  Conftruc- 
tions  •,  and,  amongft  other  Theorems,  it  is  fhewn,  that  the  Variation 

of  Curvature  at  any  Point  of  a  conic  Sedion  is  as  the  Tangent  of  the 

Angle 
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Angle  contained  by  the  Diameter  which  pafies  through  that  Point,  and 
by  the  Perpendicular  to  the  Curve. 

When  the  Ordinate  at  the  Point  of  Contact  is  an  Afymptote  to  the 
new  Figure,  the  Curvature  is  lefs  than  in  any  Circle  *,  and  this  is  the 
Cafe  in  which  it  is  faid  to  be  infinitely  little,  or  the  Ray  of  Curvature  is 
faid  to  be  infinitely  great.  Of  this  Kind  is  the  Curvature  at  the  Points 
of  contrary  Flexure  in  the  Lines  of  the  third  Order.  When  the  new 
Figure  pafies  through  the  Point  of  Contad,  the  Curvature  is  greater 
than  in  any  Circle,  or  the  Ray  of  Curvature  vanifhes  ;  and  in  this  Cafe 
the  Curvature  is  faid  to  be  infinitely  great.  Of  this  Kind  is  the  Cur¬ 
vature  at  the  Cufpids  of  the  Lines  of  the  third  Order. 

As  Lines  which  pafs  through  the  fame  Point  have  the  fame  Tan¬ 
gent  when  the  firft  Fluxions  of  the  Ordinate  are  equal,  fo  they  have  the 
fame  Curvature  when  the  fecond  Fluxions  of  the  Ordinate  are  likewife 
equal  ;  and  half  the  Chord  of  the  Circle  of  Curvature  that  is  intercep¬ 
ted  between  the  Points  wherein  it  interleds  the  Ordinate,  is  a  third 
Proportional  to  the  right  Lines  that  mealure  the  fecond  Fluxion  of  tne 
Ordinate  and  firft  Fluxion  of  the  Curve,  the  Bafe  being .  fuppofed  to 
flow  uniformly.  When  a  Ray  revolving  about  a  given  Point,  and  ter¬ 
minated  by  the  Curve,  becomes  perpendicular  to  it,  the  firft  Fluxion  of 
the  Ray  vanifhes  ;  and  if  it’s  fecond  Fluxion  vanifhes  at  the  fame  time, 
that  Point  muft  be  the  Center  of  Curvature.  The  fame  is  to  be  faid 
when  the  angular  Ivlotion  of  tne  Ray  about  that  Point  is  equal  to  the 
angular  Motion  of  the  Tangent  of  the  Curve;  as  the  angular  Motion 
of°the  Radius  of  a  Circle  about  it’s  Center  is  always  equal  to  the  angu¬ 
lar  Motion  of  the  Tangent  of  the  Circle.  Thus  the  various  Properties 
of  the  Circle  fuggeft  various  Theorems  for  determining  the  Center  of 

the  Curvature.  . 

•  Becaufe  Figures  are  often  fuppofed  to  be  deferibed  by  the  Interfed ions 
of  right  Lines  revolving  about  given  Poles,  three  Theorems  are  given 
in  Prop.  18.  2 6.  and  35.  for  determining  the  Tangents,  Afymptotes, 
and  Curvature  of  fueh  Lines,  from  the  Defcription,  which  are  illu- 
ftrated  by  Examples.  A  new  Property  of  Lines  of  the  third  Order  is 
fubjomed  to  Prop.  35»  ffhe  Evolution  of  Lines  is  confidered  in  I  top. 
36.  The  Tangents  of  the  Evoluta  are  the  Rays  of  Curvature  of  the 
Line  which  is  deferibed  by  ids  Evolution  ;  and  the  Variation  of  Curva¬ 
ture  in  the  latter,  is  meafured  by  the  Ratio  of  the  reay  or  Cur¬ 
vature  of  the  former  to  the  Ray  of  Curvature  of  the  latter. 

Sir  I.  Newton ,  in  a  Treatife  lately  publiflied,  meafures  the  Varia¬ 
tion  of  the  Curvature  by  the  Ratio  of  the  Fluxion  of  the  Ray  of  Cur¬ 
vature  to  the  Fluxion  of  the  Curve  ;  and  is  followed  by  the  Author,  to 
avoid  the  Perplexity  which  a  Difference  in  Definitions  occafions  to  Rea¬ 
ders,  though  he  hints  (in  Art.  386.)  that  this  Ratio  gives  rather  the 
Variation  of  the  Ray  of  Curvature,  and  that  it  might  have  been  pro¬ 
per  to  have  meafured  the  Variation  of  Curvature  rather  by  the  Ratio 

of  the  Fluxion  of  the  Curvature  itfelf  to  the  Fluxion  of  the  Curve 5  fo> 

'  v  that- 
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that  the  Curvature  being  inverfely  as  the  Ray  of  Curvature,  and  con- 
fequently  it’s  Fluxion  as  the  Fluxion  of  the  Ray  itfelf  diredly,  and  the 
Square  of  the  Ray  inverfely,  it9s  Variation  would  have  been  diredly  as 
the  Meafure  of  it,  according  to  Sir  I.  Newton’s  Definition,  and  inverfe¬ 
ly  as  the  Square  of  the  Ray  of  Curvature  :  According  to  this  Explica¬ 
tion,  it  would  have  been  meafured  by  the  Angle  of  Contad  contained 
by  the  Curve  and  Circle  of  Curvature,  in  the  fame  Manner  as  the  Cur¬ 
vature  itfelf  is  meafured  by  the  Angle  of  Contad  contained  by  the  Curve 
and  Tangent.  The  Ground  of  this  Remark  will  better  appear  from  an 
Example:  According  to  Sir  I.  Newton’s  Explication,  the  Variation  of 
Curvature  is  uniform  in  the  Logarithmic  Spiral,  the  Fluxion  of  the  Ray 
of  Curvature  in  this  Figure  being  always  in  the  fame  Ratio  to  the 
Fluxion  of  the  Curve  ;  and  yet  while  the  Spiral  is  produced,  though 
it’s  Curvature  decreafes,  it  never  vanifhes ;  which  muft  appear  ftrange 
to  fuch  as  do  not  attend  to  the  Import  of  his  Definition.— — It  is  eafy, 
however,  to  derive  one  of  thefe  Meafures  of  this  Variation  from  the 
other,  and  becaufe  Sir  I.  Newton’s  is  (generally  fpeaking)  affigned  by 
more Ample  Exprefiions,  the  Author  has  the  rather  conformed  to  it  in 
this  Treatife,  but  thought  it  neceffary  to  give  the  Caution  we  have 
mentioned» 

The  greateft  Fart  of  this  Chapter  is  employed  in  treating  of  ufeful  Pro¬ 
blems,  that  have  a  Dependance  on  the  Curvature  of  Lines.  Firft,  the 
Properties  of  the  Cycloid  are  briefly  demonftrated,  with  the  Applica¬ 
tion  of  this  Dodrine  to  the  Motion  of  Pendulums,  by  fhewing  that 
when  the  Motion  of  the  generating  Circle  along  the  Bafe  is  uniform, 
and  therefore  may  meafure  the  Time,  the  Motion  of  the  Point  fhat  de- 
fcribes  the  Cycloid,  is  fuch  as  would  be  acquired  by  a  heavy  Body  de¬ 
fending  along  the  cycloidal  Arc,  the  Axis  of  the  Figure  being  fuppo- 
fed  perpendicular  to  the  Horizon.  In  the  next  place,  the  Cauftics,  by 
Reflexion  and  Refradion,  are  determined.  If  Perpendiculars  be  al¬ 
ways  drawn  from  the  radiating  Point  to  the  Tangents  of  the  Curve,  and 
a  new  Curve  be  fuppofed  to  be  the  Locus  of  the  Intgrfedions  of  the  Per¬ 
pendiculars  and  Tangents,  then  the  Line,  by  the  Evolution  of  which 
that  new  Curve  can  be  defer i bed,  is  fimilarand  fimilarly  fituated  to  the 
Cauftic  by  Refledion.  The  Dodrine  of  centripetal  Forces  is  treated  at 
Length  from  Art.  416.  to  493. 

Firft,  a  Body  is  fuppofed  to  defend  freely  by  it’s  Gravity  in  a  ver¬ 
tical  Line  ;  and  becaufe  the  Gravity  is  the  Power  which  accelerates  the 
Motion  of  the  Body,  it  muft  be  meafured  by  the  Fluxion  of  it’s  Velo¬ 
city,  or  the  fecond  Fluxion  of  the  Space  deferibed  by  it.  When  the 
vertical  Line  is  fuppofed  to  move  parallel  to  itfelf  with  an  uniform  Mo¬ 
tion,  the  Body  will  defend  in  it  in  the  fame  Manner  as  before;  and 
the  Gravity  will  be  ftill  meafured  by  the  fecond  Fluxion  of  the  Defcent, 
or  the  fecond  Fluxion  of  the  Ordinate  of  the  Curve  that  is  traced  in 
this  Cafe  by  the  Body  on  an  immoveable  Plain,  and  therefore  is  as  the 
Square  of  the  Velocity  (which  is  meafured  by  the  Fluxion  of  the 
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Curve)  direCtly,  and  the  Chord  of  the  Circle  of  Curvature  that  is  in 
the  Direction  of  the  Gravity  inverfely,  by  a  Prdpofition  mentioned  a- 
bove.  When  the  Gravity  a£ts  uniformly,  and  in  parallel  Lines,  the 
Projectile,  in  defcribing  any  Arc,  falls  below  the  Tangent  drawn  at  the 
Beginning  of  the  Arc,  as  much  as  if  it  had  fallen  perpendicularly  in 
the  Vertical  ;  and  the  Time  being  given,  the  Gravity  may  be  meafured 
by  the  Space  which  is  the  Subtenfe  of  the  Angle  of  ContaCt.  In  other 
Cafes,  when  the  Gravity  varies,  or  it’s  Dire&ion  changes,  it  may  be 
meafured  at  any  Point  by  the  Subtenfe  of  the  Angle  of  ContaCt,  that 
would  have  been  generated  in  a  given  Time,  if  the  Gravity  had  con¬ 
tinued  to  a<ft  uniformly  in  parallel  Lines  from  that  Term,  that  is, 
by  the  Subtenfe  of  the  Angle  of  ContaCt  in  the  Parabola  that  has  it’s 
Diameter  in  the  Direction  of  the  Force,  and  has  the  clofeft  ContaCt  with 
the  Curve  ;  which  leads  us  to  the  fame  Theorem  as  before. 

In  general,  let  the  Gravity  ( that  refults  from  the  Compofition  of  any 
Number  of  centripetal  Forces,  which  are  fuppofed  to  aCt  on  the  Body 
in  one  Plane)  be  refolved  into  a  Force  parallel  to  the  Ordinates,  and  a 
Force  parallel  to  the  Bafe  ;  then  the  former  fhall  be  meafured  by  the 
fecond  Fluxion  of  the  Ordinate,  and  the  latter  by  the  fecond  Fluxion 
of  the  Bafe,  the  Time  being  fuppofed  to  flow  uniformly,  fo  that  the 
Velocity  of  the  Body  may  be  meafured  by  the  Fluxion  of  the  Curve. 
When  the  Trajectory  is  not  in  one  Plane,  the  Force  is  refolved  in  a 
fimilar  Manner  into  three  Forces,  which  are  meafured  by  three  fecond 
Fluxions  analogous  to  them. 

Whether  the  Body  move  in  a  Void,  or  in  a  Medium  that  refills  it’s 
Motion**,  the  Gravity  that  refults  from  the  Compofition  of  the  centri¬ 
petal  Forces  which  a£t  upon  the  Body,  is  always  as  the  Square  of  it’s 
Velocity  direCtly,  and  the  Chord  of  the  Circle  of  Curvature  that  is  in 
the  Dire&ion  of  the  Gravity  inverfely. 

When  a  Body  defcribes  any  Trajectory  in  a  Void  or  in  a  Medium, 
by  a  Force  directed  to  one  given  Center,  the  Velocity  at  any  Point  of 
the  Trajectory  is  to  the  Velocity  by  which  a  Circle  could  be  defcribed 
in  a  Void  about  the  fame  Center,  at  the  fame  Diftance,  by  the  fame 
Gravity,  in  the  fubduplicate  Ratio  of  the  angular'  Motion  of  the  Ray 
drawn  always  from  the  Body  to  the  Center,  to  the  angular  Motion  of 
the  Tangent  of  the  Trajectory  :  And,  if  there  be  no  Refiflance,  the 
Velocity  in  the  Trajectory  at  any  Point,  is  the  fame  that  would  be  ac¬ 
quired  by  the  Body,  if  it  was  to  fall  from  that  Point  through  one  fourth 
of  the  Chord  of  the  Circle  of  Curvature  that  is  in  the  Direction  of  the 
Gravity,  and  the  Gravity  at  that  Point  was  to  be  continued  uniformly 
during  it’s  Defcent.  >  — 

If  the  centripetal  Force  be  inverfely  as  any  Power  of  the  Diftance 
whofe  Exponent  is  any  Number  m  greater  than  Unit,  there  is  a  certain 
Velocity  (viz,  that  which  is  to  the  Velocity  in  a  Circle  at  the  fame 
Diftance  as  y/  2  tofm—i)  which  would  be  juft  fufficient  to  carry  off 
the  Body  upwards  in  a  vertical  Line,  fo  as  that  it  fhould  continue  to 
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afcend  for  ever,  and  never  return  towards  the  Center.  If  the  Body  be 
projected  in  any  other  Diredlion  with  the  fame  Velocity,  it  will  de- 
fcribe  a  Trajectory  which  is  here  conftrudted  :  It  is  a  Parabola  when 
2,  a  Logarithmic  Spiral  when  m  ==  3,  an  Epicycloid  when  m  =  4,  a 
Circle  that  pafies  through  the  Center  of  the  Forces  when  m  =  5,  and  the 
Lemnifcata  when  m  =  7.  In  general,  it  is  conftrudted  by  drawing  a 
Perpendicular  from  the  Center  of  the  Forces  to  a  right  Line  given  in 
Pofition,  and  any  other  Ray  to  the  fame  right  Line,  then  increafing  or 
diminishing  the  Angle  contained  by  this  Ray  and  the  Perpendicular  in 
the  given  Ratio  of  2  to  the  Difference  between  3  and  and  increafing 
or  dimini fhing  the  Logarithm  of  the  Ray  in  the  fame  given  Ratio. 
The  Trajectories  defcribed  in  analogous  Cafes  by  centrifugal  Forces,  are 
conftrudted  in  a  fimilar  Manner.  Thefe  are  the  Figures  in  which  the 
Perpendicular,  from  a  given  Center  on  the  Tangent,  is  always  as  fome 
Power  of  the  Ray  drawn  from  the  fame  Center  to  the  Point  of  Contact, 
which  are  afterwards  found  to  arife  in  the  Refolution  of  the  moft  fimple 
Cafes  of  Problems  of  various  Kinds. 

When  the  Area  defcribed  about  the  Center  of  an  Ellipfe  is  given,  the 
Subtenfe  of  the  Angle  of  Contact,  drawn  through  one  Extremity  of  the 
Arc  parallel  to  the  Semidiameter  drawn  to  the  other  Extremity  is  in  a 
given  Ratio  to  this  Semidiameter  and  therefore,  when  an  Ellipfe  is 
defcribed  by  a  Force  directed  towards  the  Center,  that  Force  is  always 
as  the  Diftance  from  the  Centre.  When  the  Force  is  directed  toward 
the  Focus ,  it  is  inverfely  as  the  Square  of  the  Diftance.  And  thefe  two 
Cafes  are  confidered  particularly,  becaufe  of  their  Ufefulnefs  in  the  true 
Theory  of  Gravity.  To  illuftrate  which,  the  Laws  of  centripetal  Forces 
that  would  caufe  a  Body  to  defcend  continually  toward  the  Center,  or 
afcend  from  it,  are  diftinguifhed  from  thofe  which  caufe  the  Body  to 
approach  towards  the  Center,  and  recede  from  it  by  Turns.  A  Body 
approaches  from  the  higher  Apfid  toward  the  Center,  when  it’s  Velo¬ 
city  is  lefs  than  what  is  requisite  to  carry  it  in  a  Circle  ;  and  if  it’s 
Velocity  increafe,  while  it  defcends,  in  a  higher  Proportion  than  the 
Velocities  requifite  to  carry  Bodies  in  Circles  about  the  fame  Center,  the 
Velocity  in  the  lower  Part  of  the  Curve  may  exceed  the  Velocity  in  a 
Circle  at  the  fame  Diftance,  and  thereby  become  fufficient  to  carry  off 
the  Body  again.  But  while  the  Diftance  decreafes,  if  the  Velocities  in 
Circles  increafe  in  the  fame  or  in  a  higher  Proportion,  than  the  Velocity 
in  a  Trajedtory  can  increafe,  the  Body  muft  either  continually  approach 
toward  the  Center,  if  it  once  begin  to  approach  to  it,  or  recede  conti¬ 
nually  from  the  Center,  if  it  once  begin  to  afcend  from  it  *,  and  this  is 
the  Cafe,  when  the  centripetal  Force  increafes  as  the  Cube  of  the  Di¬ 
ftance  decreafes,  or  in  a  higher  Proportion.  But  though,  in  fuch  Cafes, 
the  Body  approach  continually  towards,  the  Center,  we  are  not  to  con¬ 
clude,  that  it  will  always  approach  to  it  till  it  fall  into  it,  or 
come  within  any  given  Diftance  •,  for  it  is  demonftrated  afterwards  in 
Art.  879  and  880,  that  it  may  approach  to  the  Center  for  ever,  in  a 
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Spiral  that  never  defcends  to  a  given  Circle  defcribed  in  the  fame  Plane, 
and  that  it  may  recede  from  it  for  ever  in  a  Spiral  that  never  arifes  to 
a  given  Altitude.  An  Example  of  each  Cafe  is  given  when  the  centri¬ 
petal  Force  is  inverfely  as  the  fifth  Power  of  the  Diftance. 

When  the  Trajectory  is  defcribed  in  a  Medium,  let  z  be  to  a  given 
Magnitude  as  the  centripetal  Force  is  to  the  Force  by  which  the,  fame 
TrajeClory  could  be  defcribed  in  a  Void  ;  and  if  the  Area  be  fuppofed 
to  flow  uniformly,  the  Refiftance  will  be  in  the  compound  Ratio  of  the 
Fluxion  of  %,  and  of  the  Fluxion  of  the  Curve  ;  and  the  Denfity  of  the 
Medium  (Tuppofmg  the  Refiftance  to  be  in  the  compound  Ratio  of  the 
Denfity  and  of  the  Square  of  the  Velocity)  fnall  be  as  the  Fluxion  of  the 
Logarithm  of  %  direCtly,  and  the  Fluxion  of  the  Curve  inverfely. 
Hence,  when  any  Figure  that  can  be  defcribed  in  a  Void  by  a  Force 
that  varies  according  to  any  Power  of  the  Diftance  from  the  Center,  is 
defcribed  in  a  Medium,  the  Denfity  of  the  Medium  muft  be  inverfely 
as  the  Tangent  of  the  Figure  bounded  by  a  Perpendicular  at  the  Cen¬ 
ter  to  the  Ray  drawn  from  it  to  the  Point  of  ContaCl. 

After  giving  fome  Properties  of  the  Trajectories  that  are  defcribed 
by  a  Body  when  it  gravitates  in  right  Lines  perpendicular  to  a  given 
Surface,  and  their  Application  to  optical  Ufes,  the  Author  proceeds  to 
confider  the  Motion  of  a  Body  that  gravitates  towards  feveral  Centers. 
In  fuch  Cafes,  that  Surface  is  faid  to  be  horizontal,  which  is  .always 
perpendicular  to  the  DireClion  of  the  Gravity  that  refults  from  the 
Compofition  of  the  feveral  Forces ;  and  it  is  fhewn,  that  the  Velocity 
which  is  acquired  by  defcending  from  one  horizontal  Surface  to  ano¬ 
ther,  is  always  the  fame  (whether  the  Body  move  in  right  Lines,  or  in 
any  Curves)  *,  the  Square  of  which  is  meafured  by  the  Aggregate  of  fe¬ 
veral  Areas  which  have  the  Diftances  from  the  refpeCtive  Centers  for  their 
Bafes,  and  right  Lines  proportional  to  the  Forces  at  thefe  Diftances 
for  their  Ordinates. 

The  Force  which  aCls  upon  the  Moon  is  refolved  into  a  Force  per¬ 
pendicular  to  the  Plane  of  the  Ecliptic,  and  a  Force  parallel  to  it.  This 
laft  is  again  refolved  into  that  which  is  parallel  to  the  Line  of  the.  Sjy- 
zigies,  and  that  which  is  parallel  to  the  Line  joining  the  Quadratures. 
The  firft  meafures  the  fecond  Fluxion  of  the  Diftance  of  the  Moon  from 
that  Plane,  the  fecond  and  third  meafure  the  fecond  Fluxions  of  her 
Diftances  from  the  Line  of  the  Quadratures,  and  from  the  Line  of  the 
Syzigies ,  refpeffively.  Hence  a  Conftruftion  is  derived  of  the  Trajec¬ 
tory  which  would  be  defcribed  by  the  Moon  about  the  Earth,  in  con- 
fequence  of  their  unequal  Gravitation  towards  the  Sun,  if  the  Gravity  of 
the  Moon  towards  the  Earth  was  as  her  DiftarSce  from  it.  From  this 
a  Computation  is  deduced  of  the  Motion  of  the  Nodes  of  the  Moon, 
and  of  the  Variation  of  the  Inclination  of  the  Plane  of  her  Orbit, 
which  we  cannot  defcribe  here.  It  is  fufficient  to  obferve,  that  thefe 
Motions  are  found  to  agree  nearly  with  thofe  which  have  been  de¬ 
duced  from  other  Theories,  and  from  Aftronomical  Obfervations. 

G  2  A  Fluid 
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A  Fluid  being  fuppofed  to  gravitate  towards  two  given  Centers  with 
equal  and  invariable  Forces,  it  is  fhewn,  that  the  Figure  of  the  Fluid 
muft  be  that  of  an  oblong  Spheroid,  and  that-thofe  two  Centers  muft 
be  the  Foci  of  the  generating  Ellipfe.  The  Nature  of  the  Figure, is 
alfo  fhewn,  when  the  Fluid  gravitates  towards  feveral  Centers,  or  when 
it  revolves  on  it’s  Axis  •,  but  thefe  are  mentioned  briefly,  becaufe  fuch 
Theories  are  of  little  or  no  Ufe  for  difcovering  the  Figures  of  the 

jp  j  s 

In  Chap.  XII,  the  Author  proceeds  to  confider  the  more  concife  Me¬ 
thods,  by  which  the  Fluxions  of  Quantities  are  ufually  determined, 
and  to  deduce  general  Theorems  more  immediately  applicable  to  the  Re- 
folution  of  Geometrical  and  Philofophical.  Problems.  In  the  Method 
of  Infiniteflmals,  the  Element  by  which  any  Quantity  increafes  or  de- 
creafes,  is  fuppofed  to  become  infinitely  Imall,  and  is  generally  ex- 
preffed  by  two  or  more  Terms,  fome  of  which  become  infinitely  leiS 
than  the  reft,  and  therefore  being  negleded  as  of  no  Importance,  the 
remaining  Terms  form  what  is  called  the  Difference  of  the  Quantity 
propofed.  The  Terms  that  are  negleded  in  this  Manner  are  the  very 
fame  which  arife  in  confequence  of  the  Acceleration  or  Retardation  of 
the  generating  Motion,  during  the  infinitely  imall  Time  in  which  the 
Element  is  generated  ;  and  therefore  thefe  Differences  are  in  the  fame 
Ratio  to  each  other  as  the  generating  Motions  or  Fluxions.  Hence 
the  Conclufions  in  this  Method  are  accurately  true,  without  even  an  in¬ 
finitely  fmall  Error,  and  agree  with  thofe  that  are  deduced  by  the 
Method  of  Fluxions. 

It  is  ufiial  in  this  Method  to  confider  a  Curve  as  a  Polygon  of  an 
infinite  Number  of  Sides,  which,  being  produced,  give  the  Tangents 
of  the  Curve,  and,  by  their  Inclination  to  each  other,  meafure  it’s  Cur¬ 
vature.  But  it  is  neceffary  in  fome  Cafes,  if  we  would  avoid  Error,  to 
refolve  the  Element  of  the  Curve  into  feveral  infinitely  fmall  Parts,  or 
even  fometimes  into  Infinitefimals  of  the  fecond  Order  ;  and  Errors  that 
might  otherwife  arife  in  it’s  Application,  may,  with  due  Care,  be  cor- 
reded  by  a  proper  Ufe  of  this  Method  itfelf,  of  which  fome  Inftances 
are  given.  If  we  were  to  fuppofe,  for  Example,  the  leaft  Arc  that  can 
be  deferibed  by  a  Pendulum  to  coincide  with  it’s  Chord,  the  Time  of 
the  Vibration  derived  from  this  Suppofition  will  be  found  erroneous  -, 
but  by  refolving  that  Arc  into  more  and  more  infinitely  fmall  Parts,  we 
approach  to  the  true  Time  in  which  it  is  deferibed.  By  fuppofmg  the 
Tangent  of  the  Curve  to  be  the  Produdion  of  the  redilineal  Element 
of  the  Curve,  the  Suljtenfe  of  the  Angle  of  Contad  is  found  equal  to 
the  fecond  Difference  or  Fluxion  of  the  Ordinate  •,  but  in  this  Inquiry, 
the  Tangent  ought  to  be  fuppofed  to  be  equally  inclined  to  the  two 
Elements  of  the  Curve  that  terminate  at  the  Point  of  Contad  •,  and 
then  the  Subtenfe  of  the  Angle  of  Contad  will  be  found  equal  to  half 
the  fecond  Difference  of  the  Ordinate,  which  is  it’s  true  Value. 

Sir 
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Sir  I.  Newton ,  however,  investigates  the  Fluxions  of  Quantities  in  a 
more  unexceptionable  Manner.  He  firft  determines  the  finite  fimulta- 
neous  Increments  of  the  Fluents,  and,  by  comparing  them,  mveftigates 
the  Ratio  that  is  the  Limit  of  the  various  Proportions  which  they  bear 
to  each  other,  while  he  fuppofes  them  to  decreafe  together  till  they  va- 
nifh.  When  the  generating  Motions  are  variable,  the  Ratio  of  the 
fimultaneous  Increments  that  are  generated  from  any  Term,  is  expreflfed 
by  feveral  Quantities,  fome  of  which  arife  from  the  Ratio  or  the  gene¬ 
rating-  Motions  at  that  Term,,  and  others  from  the  fubfequent  Accele¬ 
ration  or  Retardation  of  thefe  Motions.  While  the  Increments  are 
fuppofed  to  be  dimirtifhed,  the  former  remain  invariable,  but  the  latter 
decreafe  continually,  and  vanifh  with  the  Increments;,  and  hence  the 
Limit  of  the  variable  Ratio  of  the  Increments  (or  their  ultimate  Ratio  j 
o-ives  the  precife  Ratio  of  the  generating  Motions  or  Fluxions.  Molt 
of  the  Propofitions  in  the  preceding  Chapters  may  be  more  briefly  de~ 
monftrated  by  this  Method,  (of  which  feveral  Examples  are  given)  and; 
the  Author  makes  always  ufe  of  it  in  the  Sequel  of  this  Book. 

It  is  one  of  the  great  Advantages  of  this  Method,  that  it  fuggefts 
general  Theorems  for  the  Refolution  of  Problems,  which  may  e  rea 
dily  applied  as  there  is  Occafion  for  them.  Our  Author  proceeds  to 
treat  of  thefe,  and  firft  of  fuch  as  relate  to  the  Center  of  .  ravjty  .  anc 
it’s  Motion.  In  any  Syftem  of  Bodies,  the  Sum  of  their  Motions, 
eftimated  in  a  given  Dire&ion,  is  the  fame  as  if  all  the  Bodies  were 
united  in  their  common  Center  of  Gravity.  If  the  Motion  o  a  t  e 
Bodies  is  uniform  and  rectilineal,  the  Center  of  Gravity  is  either  quid- 
cent,  or  it’s  Motion  is  uniform  and  redilineal.  When  Action  is  equal  to 
Readion,  the  State  of  the  Center  of  Gravity  is  never  affeded  by  the  Co  h- 
fions  of  the  Bodies, or  by  their  Uttrading.  or  repelling  each  other  mutually  . 
It  is  not,  however,  the  Sum  of  the  abfofute  Motions  °f  theJBodies  that  u 
preferved  invariable  in  confequence  of  the  Equality  of  t  *e  ion  an 
Readion,  as  they  feem  to  imagine,  who  tell  us?  that  this  Sum  is  un¬ 
alterable  by  the  Colli  fions  of  Bodies,  and  that  this  follows  o  evicent  y 
from  the  Equality  of  Aftion  and  Reaftion,  that  to  endeavour  to  de- 
monftrate  it,  would  ferve  only  to  render  it  more  obfeure.  n 
caflon  the  Author  illuftrates-  an  Argument  which  he  had  propoted  in  a. 
Piece  that  obtained  the  Prize  propofed  by  the  Royal  Academy  of  ciences 
at  Paris  in  1 724*,.  again  ft  the  Menfuration  of  the  Foices  o  o  les  / 
the  Square  of  the  Velocities,  fhevving  that  if  this  Dodrme  was  a  nut 
ted,  the  fame  Power  or  Agent,  exerting  the  fame  Effort,  Vv0U 
duce  more  Force  in  the  fame  Body  when  in  a  Space  carne^  uni  orm  y 
forwards,  than  if  the  Space  was  at  Reft  *,  or  that  Springs  ac  mg  equai  y 
on  two  equal  Bodies  in  fuch  a  Space,  would  produce  unequal  Changes 
in  the  Forces  of  thofe  Bodies.  ^  ,,  r  .  . 

Various  Problems  concerning  the  Collifion  of  Bodies  are  reio  vet  in 
a  more  general  Manner  than  ufual.  Mr  Bernouiili  had  determine  tue 
Motions  when  the  Elafticity  is  gerfed,  and  one  Body  ftrikes  two  equal 
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Bodies  in  Directions  that  form  equal  Angles  with  it’s  Direction;  or 
when  there  are  any  Number  of  Bodies  impelled  by  it  on  one  Side  in 
various  Directions,  providing  equal  Bodies  be  impelled  by  it  on  the  o- 
ther  Side,  in  Directions  equally  inclined  to  it’s  own  Direction.  But  the 
Problem  is  refolved  here  without  thefe  Limitations ;  fome  others  of  this 
Kind  are  fubjoined,  and  this  DoCtrine  is  applied  for  determining  the 
Motions  of  Bodies  that  aCt  upon  each  other  while  they  defeend  by 
their  Gravity. 

The  general  Principle  derived  from  thefe  Inquiries,  is,  that  if  there 
be  no  Collifion,  or  fudden  Communication  of  Motion  from  one  Body 
to  another,  while  they  defeend  together,  and  in  any  cafe,  if  the  Ela- 
fbicity  be  perfeCt,  the  Sum  of  the  ProduCfs,  when  each  Body  is  multi¬ 
plied 'by  the  Square  of  the  Velocity  acquired  by  it,  is  the  fame  as  if  all 
-the  Bodies  had  defeended  freely  from  the  fame  reipeClive  Altitudes  to 
their  feveral  Places  ;  only  in  colleCling  that  Sum,  if  any  Body  is  made 
to  afeend,  the  ProduCb  of  it  multiplied  by  the  Square  of  it’s  Velocity  is 
to  be  fubduCled  :  And  if  the  Bodies  be  fuppofed  to  afeend  from  their 
Places  with  the  refpeCtive  Velocities  acquired  by  them,  then  their  com¬ 
mon  Center  of  Gravity  will  rife  to  the  fame  Level  from  which  it  de¬ 
feended.  In  other  Cafes,  however,  the  Afcent  of  the  Center  of  Gravity 
will  be  lefs  than  it’s  Defcent,  but  is  never  greater. 

After  demonftrating  the  ufual  Rule  for  finding  the  Center  of  Ofcil- 
lation,  the  Author  treats  of  the  Motion  of  Water  iffuing  from  a  cylin- 
dric  Veffel.  The  EffeCt  of  the  Gravitation  of  the  whole  Mafs  of  Water 
is  confidered  as  threefold.  It  accelerates,  for  fome  time  at  leafl,  the 
Motion  with  which  the  Water  in  the  Veffel  defeends  ;  it  generates  the 
Excefs  of  the  Motion  with  which  the  Water  iffues  at  the  Orifice  above 
the  Motion  which  it  had  in  common  with  the  reft  of  the  Water  ;  and 
it  a£ls  on  the  Bottom  of  the  Veffel  at  the  fame  Time.  Then  fuppofing 
the  laft  two  Parts  of  the  Force  to  be  in  any  invariable  Ratio  to  each 
other,  when  the  Diameters  of  the  Bafe  and  Orifice  are  given,  he  deter¬ 
mines  by  Logarithms  the  Velocity  with  which  the  Water  iffues  at  the 
Orifice;  and  fhews  that  this  Velocity  will  approach  very  near  to  it’s 
utmoft  Limit,  in  an  exceeding  fmall  Time.  When  the  Water  is  fup¬ 
pofed  to  be  fupplied  in  a  Cylinder,  fo  as  to  ftand  always  at  the  fame 
Altitude  above  the  Orifice,  there  is  an  Analogy  between  the  Accelera¬ 
tion  of  the  Motion  of  the  Water  that  iffues  at  the  Orifice,  and  the  Ac¬ 
celeration  of  a  Body  that  defeends  by  it’s  Gravity  in  a  Medium  which 
refills  in  the  duplicate  Ratio  of  the  Velocity.  For  when  the  utmoft 
Velocities,  or  Limits,  are  equal  in  thofe  two  Cafes,  the  Time  in  which 
the  iffuing  Water  acquires  any  leffer  Velocity,  is  to  the  Time  in  which 
the  defeending  Body  acquires  the  fame  Velocity  as  the  Area  of  the  Ori¬ 
fice  to  the  Area  of  the  Bafe ;  and  if  a  cylindric  Column  be  fuppofed  to 
be  eredted  on  the  Orifice  equal  to  the  Quantity  of  Water  that  iffues  at 
the  Orifice  in  the  former  of  thofe  Times,  the  Height  of  this  Column 
will  be  to  the  Space  deferibed  by  the  defeending  Body  in  the  latter 

Time, 
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Time,  in  the  fame  Ratio  as  the  Orifice  to  the  Area  of  the  Bale.  The 
Ratio  of  the  Force  that  ads  on  the  Bottom  of  the  Veffei  to  the  Force 
that  generates  the  Motion  of  the  Water  iftuing  at  the  Orifice,  is  de¬ 
duced  from  Sir  I.  Newton9 s  Catarad,  and  is  the  fame  that  follows  from 
the  Principle  concerning  the  Equality  of  the  Afcent  and  Defcent  of  the 
Center  of  Gravity,  which  was  firft  applied  to  this  Inquiry  by  Mr  Daniel 
Bernouilli  Comment.  Acad,  Petr  op.  Pom.  2.  But  there  are  feveral  Pre¬ 
cautions  to  be  taken  in  applying  this  Dodrine. 

After  fo me  other  Theorems  concerning  the  Center  of  Gravity,  and 
feveral  Obfervations  concerning  the  Curvature  of  Lines,  and  the  Angles 
of  Contad  j  the  Author  reprefents  four  general  Propofitions  in  one 
View,  that  the  Analogy  between  them  may  appear.  The  id  gives 
the  Property  of  the  Trajedories  that  are  described  by  any  centripetab 
Forces,  how  variable  foever  thefe  Forces,  or  their  Diredions,  may  be. 
The  2d  gives  a  like  general  Property  of  the  Lines  of  fwifteft  De¬ 
fcent.  .  The  3d  gives  the  Property  of  the  Line  that  is  defcribed  in  lefs 
Time  than  any  other  of  an  equal  Perimeter.  And  the  4th  gives  the 
Property  of  the  Figure  that  is  aftumed  by  a  flexible  Line  or  Chain,  in 
confequence  of  any  ftich  Forces  ading  upon  it.  If  we  luppofe  a  Body 
to  fet  out  from  any  Point  in  the  Trajcdory,  or  in  the  Line  of  fwifteft 
Defcent,  with  the  Velocity  which  it  has  acquired  there,  and  to  move 
in  the  right  Line  which  is  the  Diredion  of  the  Gravity,  that  refults- 
from  the  Compofition  of  the  centripetal  Forces,  then  fhall  it’s  Velo¬ 
city,  and  it’s  Diftance  from  the  Point  where  the  Perpendicular  from  the 
Center  of  Curvature  meets  that  right  Line,  flow  proportionally ,  i.  e.  the 
Fluxion  of  the  Velocity  (or  of  the  right  Line  that  meafures  it)  fhall  be 
to  the  Velocity  as  the  Fluxion  of  that  Diftance  is  to  the  Diftance.  When 
the  Velocity  and  Diredion  of  the  Motion  is- the  fame  in  the  Line  of 
fwifteft  Defcent  as  in  the  Trajedory,  their  Curvature  is  the  fame.  Thus> 
in  the  common  Hypothefis  of  Gravity,  the  Curvature  in  the  Cycloid, 
the  Line  of  fwifteft  Defcent,  is  the  fame  as  the  Parabola  defcribed  by 
a  Projedile,  if  the  Velocities  in  thofe  Lines  be  equal,  and  their  Tan¬ 
gents  be  equally  inclined  to  the  Horizon.  In  order  to  find  the  Nature 
-of  th t  Catenaria  in  any  Hypothefis  of  Gravity,  fuppofe  the  Gravity  to^ 
be  increafed  or  diminifhed  in  the  fame  Proportion  as  the  Thicknefs  of 
the  Chain  varies,  and  to  have  it’s  Diredion  changed  into  the  oppofite 
Diredion  *,  then  imagine  a  Body  to  fet  out  with  a  juft  Velocity  from  a; 
given  Point  in  the  Chain,  and  to  defcribethe  Curve.  The  Ten  fib n  of  the. 
Chain  at  any  Point  will  be  always  as  the  Square  of  the  Velocity  ac¬ 
quired  at  that  Point,  and  if  a  Body  be  projeded  with  this  Velocity  in- 
the  Diredion  of  the  Tangent,  the  Curvature  of  the  Trajedory  defcribed  \ 
by  it  will  be  one  half  of  the  Curvature  of  the  Chain  at  that  Point.  We 


muft  refer  to  the  Book  for  a  fuller  Account  of  thefe  and  of:  other* 
Theorems. 

In  Chap.  XIII.  the  Problems  concerning  the  Lines  of  fwifteft  De¬ 
fcent,  the  Figures  which  amongft  all  thofe  that  have  equal  Perimeters' 
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produce  Maxima  or  Minima ,  and  the  Solid  of  lead  Refinance,  are  re¬ 
folded  without  Computations,  from  the  firft  Fluxions  only..  There  are 
alfo  eafy  fynthetic  Demonftrations  fubjoined,  becaufe  this  Theory  is 
commonly  efteemed  of  an  abftrufe  Nature,  and  Miftakes  have  been 
more  frequently  committed  in  the  Profecution  of  it,  than  of  any  other 
relating  to  Fluxions.  To  give  fome  Idea  of  the  Author’s  Method,  fup-' 
pofe  the  Gravity  to  ad  in  parallel  Lines,  a  to  denote  the  Velocity  ac¬ 
quired  at  the  lowermoft  Point  of  the  Curve,  and  u  the  Velocity  ac¬ 
quired  at  any  other  Point  of  the  Curve.  Suppofe  the  Element  of  the 
Curve  to  be  deferibed  by  this  Velocity  u,  but  the  Element  of  the  Bafe 
to  be  always  deferibed  by  the  conflant  Velocity  a.  Then  it  is  eafily 
demonftrated  without  any  Computation,  that  the  Element  of  the  Or¬ 
dinate  being  given,  the  Difference  of  the  Times  in  which  the  Elements 
of  the  Curve  and  Bafe  are  thus  deferibed  is  a  Minimum ,  when  the  Ratio 
of  thofe  Elements  is  that  of  a  to  u  ;  i.  e.  when  the  Sine  of  the  Angle, 
in  which  the  Ordinate  interfe&s  the  Curve,  is  to  the  Radius  in  this 
Ratio .  Suppofing  therefore  this  Property  to  take  Place  over  all  the 
Curve,  the  Excefs  of  the  Time  in  which  it  is  deferibed  by  the  Body 
defending  along  it,  above  the  Time  in  which  the  Bafe  is  deferibed 
uniformly  with  the  Velocity  a ,  muff  be  a  Minimum  ;  and  this  latter 
Time  being  given,  it  follows  that  the  Time  of  Defcent  in  this  Curve 
is  a  Minimum.  When  the  Gravity  tends  to  a  given  Center,  fubftitute 
an  Arc  of  a  Circle  deferibed  from  that  Center  through  the  lowermoft 
Point  of  theCurye  in  the  Place  of  the  Bafe  in  the  former  Cafe  ;  and 
the  Property  of  the  Line  of  fwifteft  Defcent  will  be  difeovered  in  the 
fame  Manner.  The  Nature  of  the  Line  that  among  all  thofe  of  the 
fame  Perimeter  is  deferibed  in  the  leaft  Time,  is  difeovered  with  great 
Facility,  by  determining  from  the  former  Cafe  the  Property  of  the 
Figure  when  the  Sum  or  Difference  of  the  Time  in  which  it  is  deferibed 
by  the  defeending  Body,  and  of  the  Time  in  which  it  would  be  de¬ 
feribed  by  any  given  uniform  Motion,  is  a  Minimum  \  for  the  latter 
Time  being  the  fame  in  all  Curves  of  the  farne  Length,  it  follows  that 
the  Figure,  which  has  this  Property,  muft  be  deferibed  in  lefs  Time 
than  any  of  an  equal  Perimeter.  The  general  Ifoperimetrical  Problems 
are  refolved,  and  the  Solutions  are  rendered  more  general,  with  like 
Facility  by  the  fame  Method  *,  which  is  alfo  applied  for  determining 
the  Property  of  the  Solid  of  leaft  Refiftance,  and  ferves  for  refolving 
the  Problem,  when  Limitations  are  added  concerning  the  Capacity  of 
the  Solid,  or  the  Surface  that  bounds  it. 

The  laft  Chapter  of  the  firft  Book  treats  chiefly  of  Gravitation  to¬ 
wards  Spheroids,  of  the  Figure  of  the  Planets,  and  of  the  Tides.  The 
Author,  having  Occaflon  in  thofe  Inquiries  for  feveral  new  Properties 
of  the  Ellipfe,  begins  this  Chapter  by  deriving  it’s  Properties  from 
thofe  of  the  Circle,  by  confidering  it  as  the  oblique  Sedlion  of  a  Cy¬ 
linder,  or  as  the  Projection  of  the  Circle  by  parallel  Rays  upon  a  Plane 
oblique  to  the  Circle.  In  this  Manner  the  Properties  are  briefly  trans¬ 
ferred 


49 


An  Account  of  Mr  McLautin’i  Fluxions. 

ferred  from  the  one  to  the  other,  becaufe  by  this  1*  rojeftion  tue  Cti«ti.r 
of  the  Circle  mves  the  Center  of  the  Ellipfe  ;  Diameters  perpendicular 
to  each  other Tn  the  Circle  with  their  Ordinates,  and  the  circumfcnbed 
Square  give  conjugate  Diameters  of  the.  Ellipfe  with  their  Ordinates, 
and  the  circumfcribed  Parallelogram;  parallel  Lines  in  the  Plane  of 
this  Circle  are  projefted  by  Parallels  in  the  Plane  of  'the  Ellipfe  that 
are  in  the  fame  Ratio  ;  any  Area  in  the  former  is  projefted  by  an  Area 
in  the  latter,  which  is  in  an  invanaole  Ratio  to  it  ;  and  concent,  ic 
Circles  give  fimilar  concentric  Ellipfes.  It  is  likewife  fhewn  how  Pro¬ 
perties  of  a  certain  Kind  are  briefly  transferred  from  the  Circle  to  any 

conic  Seftion  with  the  fame  Facility.  .  .  , 

After  demonftrating  the  Properties  of  the  Elhpie,  it  is  fhewn,  tli.it 
if  the  Gravity  of  any  Particle  of  a  Spheroid  being  lefoivea  into  two 
Forces,  one  perpendicular  to  the  Axis  of  tne  Solid,  the  Other  perpen¬ 
dicular  to  the  Plane  of  it’s  Equator,  then  all  Particles,  equally  diftant 
from  the  Axis,  muft  tend  towards  it  with  equal  Fotces  ;  and  all  Par- 
tides  at  equal  Diflances  from  the  Plain  of  the  Equator,  gravitate  e- 
qually  towards  this  Plain  ;  but  that  the  Forces  with  which  Particles  at 
different  Diftances  from  the  Axis  tend  towards  it,  are  as  the  Durances  ; 
and  that  the  fame  is  to  be  faid  of  the  Forces  with  which  they  tend  to¬ 


wards  the  Plain  of  the  Equator.  . 

From  this  it  is  demonftrated,  that  when  the  Particles  or  a  fluid  bphe- 
roid  of  an  uniform'  Denfity  gravitate  towards  each  other  with  Forces 
that  are  inverfely  as  the  Squares  of  their  Diftances,  and  at  the  fame 
time  any  other  Powers  a&  on  the  Particles,  either  in  right  Lines  per- 
pendicular  to  the  Axis,  that  vary  in  the  fame  Proportion  as  the  Diftances 
from  the  Axis,  or  in  right  Lines  perpendicular  to  the  Plain  of  the 
Equator,  that  vary  as  their  Diftances  from  it,  or  when  any  Powers  aft 
on  the  Particles  of  the  Spheroid,  that  may  be  refolved  into  Forces  of 
this  Kind  ;  then  the  Fluid  will  be  every- where  m  JEquihbno ,  if  the 
whole  Force  that  afts  at  the  Pole  be  to  the  whole  F orce  that  afts  at 
the  Circumference  of  the  Equator,  as  the  Semidiameter  of  the  Equator 
to  the  Semiaxis  of  the  Spheroid  ;  and  that  the  Forces  with  which  equal 
Particles  at  the  Surface  tend  towards  the  Spheroid,  will  be  m  the  fame 
Proportion  as  Perpendiculars  to  it’s  Surface,  terminated  either  by  the 
Plane  of  the  Equator,  or  by  the  Axis.  Becaufe  the  centrifugal  Force 
with  which  any  Particle  of  the  Spheroid  endeavours  to  recede  from  it  s 
Axis,  in  confequence  of  the  diurnal  Rotation,  is  as  the  Di  ance  rom 
the  Axis,  it  appears  that  if  the  Earth,  or  any  other  Planet,  was  ui  , 
and  of  an  uniform  Denfity,  the  Figure  which  it  would  affume  would 
be  accurately  that  of  an  oblate  Spheroid  generated  by  an  ip  is  re 
volvi ng  about  it’s  fecond  Axis. 

Afterwards  the  Gravity  towards  an  oblate  Spheroid  is  accurately  mea- 
fured  by  circular  Arcs,  not  only  at  the  Pole,  but  alfo  at  the  quator, 
and  in  any  intermediate  Places ;  and  the  Gravity  towards  an  oblong 
Spheroid  is  meafured  by  Logarithms.  The  Gravity  at  any  Diftance 
V  O  L.  VIII.  Part  i.  H  ‘  ,n 
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in  the  Axis  of  the  Spheroid,  or  in  the  Plane  of  the  Equator  produced, 
is  likewife  accurately  determined  by  like  Meafures,  without  any  new 
Computation  or  Quadrature,  by  fhewing  that  when  two  Spheroids  have 
the  fame  Center  and  Focus ,  and  are  of  an  uniform  Denfity,  the  Gra¬ 
vities  towards  them  at  the  fame  Point  in  the  Axis  or  Plane  of  the 
Equator  produced,  areas  the  Quantities  of  Matter  in  the  Solids. 

This  Theory  is  applied  for  determining  the  Figure  of  the  Earth,  by 
comparing  the  Force  of  Gravity  in  any  given  Latitude,  derived  from 
the  Length  of  a  Pendulum  that  vibrates  there  in  a  Second  of  Time, 
with  the  centrifugal  Force  at  the  Equator,  deduced  from  the  periodic 
Time  of  the  diurnal  Rotation,  and  the  Amplitude  of  a  Degree  of  the 
Meridian  ;  or  by  comparing  the  Lengths  of  Pendulums  that  vibrate  in 
equal  Times  in  given  unequal  Latitudes  *,  or  by  comparing  different 
Degrees  meafured  upon  the  Meridian.  By  the  bed  Obfervations  it 
would  feem,  that  there  is  a  greater  Increafe  of  Gravitation,  and  of  the 
Degrees  of  the  Meridian  from  the  Equator  towards  the  Poles,  than  ought 
to  arile  from  the  Suppofition  of  an  uniform  Denfity.  Therefore  the 
Author  fuppofes  the  Denfity  to  vary  from  the  Surface  towards  the  Cen¬ 
ter  ;  and,  in  feveral  Cafes  he  has  confidered,  he  finds  that  a  greater 
Denfity  towards  the  Center  would  account  for  a  greater  Increafe  of 
Gravitation,  towards  the  Poles,  but  not  for  a  greater  Increafe  of  the 
Degrees  of  the  Meridian  *,  and  that  the  Hypothefis  of  a  lefs  Denfity  to¬ 
wards  the  Center  would  account  for  the  latter,  but  not  for  the  former, 
fuppofing  (after  Sir  I.  Newton)  the  Columns  of  the  Fluid  to  extend 
from  the  Surface  to  the  Center,  and  there  to  fuftain  each  other.  On 
this  Account  he  determines  the  Gravitation  towards  the  Earth,  when  it 
is  fuppofed  to  be  hollow  with  a  Nucleus  included,  according  to  the 
Hypothefis  advanced  by  Dr  Halley ,  with  the  Difference  of  the  Semidia¬ 
meters  that  might  arife  from  fuch  a  Difpofition  of  the  Internal  Parts, 
But  in  this  Cafe,  and  when  the  Denfity  is  fuppofed  variable,  the 
fpheroidical  Figure  is  only  affumed  as  an  Hypothefis.  He  adds,  that 
by  imagining  the  Denfity  to  be  greater  in  the  Axis  than  in  the  Plain  of 
the  Equator  at  equal  Diflances  from  the  Centre,  an  Hypothefis  perhaps 
might  be  found,  that  would  account  for  moil  of  the  Phenomena  \  but 
that  a  Series  of  many  exadl  Obfervations  is  requifite,  before  we  can  ex¬ 
amine  with  any  Certainty  the  various  Suppositions  that  may  be  ima¬ 
gined  concerning  the  internal  Conftitution  of  the  Earth.  This  Doc¬ 
trine  is  likewife  applied  for  determining  the  Figure  of  Jupiter. 

It  follows  from  the  fame  Theorem,  that  if  we  fuppofe  the  Earth  to 
be  fluid,  and  abflradl  from  it’s  Motion  upon  it’s  Axis,  and  the  Incli¬ 
nation  of  the  right  Lines  in  which  it5s  Particles  gravitate  towards  the 
Sun  or  Moon,  the  Figure  which  it  would  afiume  in  confequence  of  the 
unequal  Gravitation  of  it’s  Particles  towards  either  of  thofe  Bodies 
would  be  accurately  that  of  an  oblong  Spheroid  having  it*s  Axis  dire6t- 
ed  towards  that  Body.  The  Afcent  of  the  Water,  deduced  from  this 
^Theorem,  agrees  nearly  with,  that  which.  Sir  I.  Newton  found,  by  com¬ 
puting 
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puting  it  briefly  from  what  he  had  demonftrated  concerning  the  Fi¬ 
gure  of  the  Earth.  Several  Obfervations  are  fubjoined  concerning  the 
Tides,  and  the  Caufes  which  may  contribute  to  increafe  or  diminifh 
them,  particularly  the  Inequality  of  the  Velocities  with  which  Bodies 
revolve  about  the  Axis  of  the  Earth  in  different  Latitudes. 

This  Chapter  concludes  by  demonftrating  briefly,  that  if  the  Attrac¬ 
tion  of  the  Particles  decreafed  as  the  Cube  of  their  Diftance  increafes, 
or  in  any  higher  Proportion,  then  any  Particle  would  tend  toward  the 
lead  Portion  of  Matter  in  Contadt  with  it,  with  a  greater  Force  than 
towards  the  greatefl  Body  at  any  Diftance,  how  fmall  foever  from  it. 

The  true  Law  of  Gravity  is  better  adapted  for  holding  the  Parts  of  each 
Body  in  a  proper  Union,  while  it  perpetuates  the  Motions  in  the  great 
Syftem  about  the  Sun,  and  preferves  the  Revolutions  in  the  leflfer  Sy- 
ftems  nearly  regular  *,  and  the  Author  concludes  with  obferving,  that  a 
remarkable  geometrical  Simplicity  is  often  found  in  the  Concluffons 
that  are  derived  from  it. 

V.  3.  In  the  fecond  Book, he  treats  of  the  Method  of  Computation, or  the  The  fame  con- - 
Algebraic  Part-,  to  the  Facility,  Concifenefs,  and  great  Extent  of  which,  tinned.  No. 
the  Improvements  that  have  been  made  by  this  Method  are  in  great 
meafure  to  be  afcribed.  In  order  to  obtain  thofe  Advantages,  it  was  March  io, 
neceffary  to  admit  various  Symbols  into  the  Algebra  :  But  the  Num-  1742  3. 
ber  and  Complication,  of  thofe  Signs  muft  occafion  fome  Obfcurity  in 
this  Art,  unlefs  Care  be  taken  to  define  their  Ufe  and  Import  clearly, 
with  the  Nature  of  the  feveral  Operations.  An  Example  of  this  is 
given  by  anllluftration  of  one  of  the  firft  Rules  in  Algebra.  As  it  is  the 
Nature  of  Quantity  to  be  capable  of  Augmentation  and  Diminution,  fo 
Addition  and  Subftradtion  are  the  primary  Operations  in  the  Sciences 
that  treat  of  it.  The  pofitive  Sign  implies  an  Increment,  or  a  Quan¬ 
tity  to  be  added.  The  negative  Sign  implies  a  Decrement,  or  Quan¬ 
tity  to  be  fubftradted  :  And  thefe  ferve  to  keep  in  our  View  what  Ele-  < 
ments  enter  into  the  Compofition  of  Quantities,  and  in  which  Manner, 
whether  as  Increments  or  Decrements.  It  is  the  fame  Thing  to  fub* 
ftradt  a  Decrement  as  to  add  an  equal  Increment.  As  the  Multipli¬ 
cation  of  a  Quantity  by  a  pofitive  Number  implies  a  repeated  Addition 
of  the  Quantity,  fo  the  Multiplication  by  a  negative  Number  implies 
a  repeated  Subftradtion  :  And  hence  to  multiply  a  negative  Quantity, 
or  Decrement,  by  a  negative  Number,  is  to  fubftradb  the  Decrement  as 
often  as  there  are  Units  in  this  Number,  and  therefore  is  equiva¬ 
lent  to  adding  the  equal  Increment  the  fame  Number  of  Times  ; 
or,  when  a  negative  Quantity  is  multiplied  by  a  negative  Num¬ 
ber,  the  Produdt  is  pofitive.  When  we  inquire  into  the  Propor¬ 
tion  of  Lines  in  Geometry,  we  have  no  Regard  to  their  Pofition  or  Form 
and  there  is  no  Ground  for  imagining  any  other  Proportion  betwixt  a 
pofitive  and  negative  Quantity  in  Algebra,  or  betwixt  an  Increment  and 
a  Decrement,  than  that  of  the  abfolute  Quantities  or  Numbers  them** 
felves.  The  Algebraic  Exprefiions,  however,  are  chiefly  ufeful,  as  they 
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ferve  to  reprefent  the  Effedts  of  the  Operations  •,  and  fuch  Exprefilons 
are  not  to  be  fuppofed  equal  that  involve  equal  Quantities,  unlefs  the 
Operations  denoted  by  the  Signs  are  the  fame,  or  have  the  fame  Effedt. 
Nor  is  every  Exprefiion  to  be  fuppofed  to  reprefent  a  certain  Quantity  ; 
for  if  the  s/  —  i  fhould  be  faid  to  reprefent  a  certain  Quantity,  it  muff 
be  allowed  to  be  imaginary,  and  yet  to  have  a  real  Square  *,  a  way  of 
fpeaking  which  it  is  better  to  avoid.  It  denotes  only,  that  an  Operation  is 
fuppofed  to  be  performed  on  the  Quantity  that  is  under  the  radical 
Sign.  The  Operation  is  indeed  in  this  Cafe  imaginary,  or  cannot  fuc- 
ceed  ;  but  the  Quantity  that  is  under  the  radical  Sign,  is  riot  lefs  real 
on  that  Account,  The  Author  mentions  thofe  Things  briefly,  becaufe 
they  belong  rather  to  a  Treatife  of  Algebra  than  of  Fluxions,  wherein 
the  common  Algebra  is  admitted. 

In  order  to  avoid  the  frequent  Repetition  of  figurative  ExprefTions  in 
the  Algebraic  Part,  the  Fluxions  of  Quantities  are  here  defined  to  be 
any  Meafures  of  their  refpedtive  Rates  of  Increafe  or  Decreafe,  while 
they  are  fuppofed  to  vary  (or  flow)  together.  Thefe  may  be  determir 
ned  by  comparing  the  Velocities  of  Points  that  always  defcribe  Lines 
proportional  to  the  Quantities,  as  in  the  firfl  Book  5.  ' but  they  may  be 
likewife  determined,  without  having  Recourfe  to  fuch  Suppofitions,  by 
a  juft  Reafoning  from  the  fimultaneous  Increments  or  Decrements  them- 
felves.  While  the  Quantity  A  increafes  by  Differences  equal  to  a , 
2  A  increafes  by  Differences  equal  to  2  a,  and  (Tuppofing  m  and  n  to  be 

;;;  /I  M  Cl 

invariable)  -jp  increafes  by  Differences  equal  to  and  therefore  at 

a  greater  or  lefs  Rate  than  a  y  in  Proportion  as  m  is  greater  or  lefs 
than  ?n  Thus  a  Quantity  may  be  always  aftrgned  that  fhall  increafe 
at  a  greater  or  lefs  Rate- than  A ,  (/.  e.  fhall  have  it’s  Fluxion  greater 
or  lefs  than  the  Fluxion  of  A.)  in  any  Proportion;  and  a  Scale  of 
Fluxions  may  be  eafily  conceived*  by  which  the  Fluxions  of  any  other 
Quantities  of  the  fame  Kind  may  be  meafured. 

Let  B  be  any  other  Quantity  whofe  Relation  to  A can  be  expreffed 
by  any  Algebraic  Form-,  and  while  A  increafes  by  equal  fucceffive  Dif¬ 
ferences,  fuppofe  B  to  increafe  by  Differences  that  are  always  varying. 
In  this  Gafe,  B  cannot  be  fuppofed  to  increafe  at  any  one  conflant 
Rate  y  but  it  is  evident,  that  if  B  increafe  by  Differences  that  are  al~- 

m  A 

ways  greater  than  the  equal  fucceffive  Differences  by  which  in- 

ereafes  at  the  fame  Time,  then  5  cannot  be  faid  to  increafe  at  a  lefs 
w  A 

Rate  than - or  if  the  Fluxion  of  A  be  reprefented:  by  a ,  the 

m  a 

Fluxion  of  B  cannot  Be  lefs  than  And  if  the  fuccefiive  Diffe¬ 


rences 


An  Account  of  Mr  McLaurin"j  Fluxions . 

m  A 

rences  of  B  be  always  lefs  than  thofe  of  then  furely  B  cannot 

m  A 

be  faid  to  increafe  at  a  greater  Rate  than  j  or  the  Fluxion  of 

m  a 

B  cannot  be  faid  to  be  greater  in  this  Cafe  than 

From  thofe  Principles  the  primary  Propofitions  in  the  Method  of 
Fluxions,  and  the  Rules  of  the  direct  Method,  with  the  Fundamental 
Rules  of  the  inverfe  Method,  are  demonftrated.  We  mull  be  brief  in 
our  Account  of  the  Remainder  of  this  Book.  The  Rule  for  finding 
the  Fluxion  of  a  Power  is  not  deduced,  as  ufually,  from  the  Binomial 
Theorem,  but  from  one  that  admits  of  a  much  eafier  Demonftration 
from  the  firft  Algebraic  Elements,  viz.  That  when  n  is  any  integer 
pofitive  Number,  if  the  Terms  E*—1,  En—ZF ,  En-iFz>  E”~~*  Fi>  .  . .. 

'  Fn~~\  (wherein  the  Index  of  E  conftantly  decreafes,  and  that  of  Fin- 
creafes  by  the  fame  Difference  Unit)  be  multiplied  by  E — A,  the  Sum 
of  the  Produdls  is  En — Fn  \  from  which  it  is  obvious,  that  when  E 

is  greater  than  F,  then  E” — Fn  is  lefs  than  nE?— 1  x  E — F  but  greater 
than  nFn — 1  x  E — F. 

The  Rules  are  fometimes  propofed  in  a  Form  fomewhat  different 
from  the  ufual  Manner  of  defcribing  them,  with  a  View  to  facilitate 
the  Computations  both  in  the  direct  and  inverfe  Method.  Thus,  when, 
a  Fradlion  is  propofed,  and  the  Numerator  and  Denominator  are  re- 
folved  into  any  Fadtors,  it  is  demonftrated,  that  the  Fluxion  of  the 
Fraction  divided  by  the  Fraction  is  equal  to  the  Sum  of  the  Quotients* 
when  the  Fluxion  of  each  Fadtor  of  the  Numerator  is  divided  by  the 
Fadtor  itfelf,  diminifhed  by  the  Quotients  that  arife  by  dividing  in  like 
Manner  the  Fluxion  of  each  Fadtor  of  the  Denominator  by  the  Fadtor. 

The  Notation  of  Fluxions  is  defcribed  in  Chap.  2.  with  the  Rules  of 
the  diredt  Method,  and  the  fundamental  Rules  of  the  inverfe  Method* 
The  latter  are  comprehended  in  Seven  Propofitions,  Six  of  which  re¬ 
late  to  Fluents  that  are  aflignable  in  finite  Algebraic  Terms,  and  the 
Seventh  to  fuch  as  are  affigned  by  infinite  Series.  It  is*  in  this  Place  the 
the  Author  treats-  of  the  Binomial  and  Multinomial  Theorems  (becaufe 
of  their  Ufe  on  this  Occafion),  and  they  are  inveftigated  by  the  diredf 
Method  of  Fluxions.  The  fame  Method  is  applied  for  demonftrating 
other  Theorems*  by  which  an  Ordinate  of  a  Figure  being  given,  and 
it’s  Fluxions  determined,  any  other  Ordinate  and  Area  of  the  Figure 
may  be  computed.  The  moft  ufeful  Examples  are  defcribed  in  this 
Chapter,  by  computing  the  Series’s  that  ferve  for  determining  the  Arc> 
from  it’s  Sine  or  Tangent,/  and  the  Logarithm  from  it’s  Number,  and 
converfely  the  Sine,  Tangent,  or  Secant,  from  the.  Arc, ,  and  the  Nuin.r 
her  from  it’s  Logarithm. 
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The  inverfe  Method  is  profecuted  farther  in  Chapter  III.  by  reduc¬ 
ing  Fluents  to  others  of  a  more  fimple  Form,  when  they  are  not  ai- 
fignable  by  a  finite  Number  of  Alegebraic  Terms.  When  a  Fluent 
can  be  affigned  by  the  Quadrature  of  the  Conic  Sections,  (and  confe- 
quently  by  circular  Arcs  or  Logarithms)  this  ig-  conficfered  as  the  fe- 
cond  Degree  of  Refolution  *,  and  this  Subjedt  is  treated  at  Length.  An 
1 11  uftration  is  premi  fed  of  the  Analogy  betwixt  Elliptic  and  Hyper¬ 
bolic  Sedtors  formed  by  Rays  drawn  from  the  Centers  of  the  Figures: 
The  Properties  of  the  latter  are  fometimes  more  eafily  difcovered  becaufe 
of  their  Relation  to  Logarithms,  and  lead  us  in  a  brief  Manner  to  the 
analogous  Properties  of  elliptic  Sedtors,  and  particularly  to  fome gene¬ 
ral  Theorems  concerning  the  Multiplication  and  Divifion  of  circular 
Sedtors  or  Arcs.  When  two  Points  are  affumed  in  an  Hyperbola,  and 
alfo  in  an  Ellipfis,  fo  that  the  Sedtors  terminated  by  the  Semi-axis  *, 
and  the  two  Semi-diameters,  belonging  to  thofe  Points,  are  in  the 
fame  given  Ratio  in  both  Figures,  then  the  Relation  betwixt  the  Semi¬ 
axis  and  the  two  Ordinates  drawn  from  thofe  Points  to  the  other  Axis, 
is  always  defined  by  the  fame,  or  by  a  fimilar  Equation  in  both  Figures* 
This  Propofition  ferves  for  demonftrating  Mr  Cotes* s  celebrated  Theo¬ 
rem,  as  it  is  extended  by  M.  De  Moivre ,  by  which  a  Binomial  or  Tri¬ 
nomial  is  refolved  into  it’s  quadratic  Divifors,  and  various  Fluents 
are  reduced  to  circular  Arcs  and  Logarithms.  The  Demonftrations  are 
alfo  rendred  more  eafy  of  the  Theorems  concerning  the  Refolution  of  a 
Fradtion,  that  has  a  multinomial  Denominator,  into  Fractions  that  have 
the  fimple  or  quadratic  Divifors  of  the  Multinomial  for  their  feveral 
Denominators.  Thefe  Demonftrations  are  derived  from  the  Method 
of  Fluxions  itfelf,  without  any  foreign  Aid*,  the  invariable  Coefficients 
being  determined,  by  fuppofing  the  variable  Quantity  or  it’s  Fluxions  to 
vanifh. 

When  a  Fluent  cannot  be  affigned  by  the  Areas  of  Conic  Sections, 
it  may  however  be  meafured  by  their  Arcs  in  fome  Cafes  *,  and  this 
may  be  confidered  as  the  third  Degree  of  Refolution,  or  the  Fluents 
may  be  called  of  the  third  Order.  On  this  Occafion,  fome  Fluents  are 
found  to  depend  on  the  Rectification  of  the  Hyperbola  and  Ellipfis, 
which  have  been  formerly  efteemed  of  an  higher  Kind.  The  Con- 
flruCtion  of  the  elaftic  Curve,  with  it’s  Redtification,  and  the  Meafure 
of  the  Time  of  Defcent  in  an  Arch  of  a  Circle,  are  derived  from  hyper¬ 
bolic  and  elliptic  Arcs ;  and  the  Fluents  of  this  Kind  are  compared 
with  thofe  of  the  firft  or  fecond  Order  by  infinite  Series.  Becaufe  there 
are  Fluents  of  higher  Kinds  than  thefe,  the  Trajedtories  abovemen tioned, 
which  are  defcribed  by  a  centripetal  Force,  that  is,  as  fome  Power  of 
the  Diftance  from  a  given  Centre,  when  the  Velocity  of  the  Projedtion 
is  that  which  would  be  acquired  by  an  infinite  Defcent,  or  by  fuch  a 
centrifugal  Force,  and  the  Velocity  is  fuch  as  would  be  acquired  by 
flying  from  the  Centre,  are  employed  for  reprefenting  them.  A  fimple 
Conftrudtion  of  thefe  Trajectories  had  been  given  above,  by  drawing 
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Rays  From  the  Centre  to  a  Right  Line  given  in  Pofition,  increafing  or 
diminifhing  the  Logarithms  of  thofe  Rays  always  in  a  given  Ratio ,  and 
increafing  or  diminishing  the  Angles  contained  by  them  and  the*  Per¬ 
pendicular  in  the  fame  Ratio.  From  any  Figure  of  this  Kind,  a  Series 
of  Figures  is  derived  by  determining  the' Interfed ions  of  the  Tangents 
of  the  Figure  with  the  Perpendiculars  from  the  Centre.-  Every  Series 
of  this  Kind  gives  two  diftindt  Sort  of  Fluents ;  and  any  one  Fluent 
being  given,  all  the  other  Fluents  taken  alternately  from  it  in  the  Series 
depend  upon  it,  or  are  meafured  by  it ;  but  it  does  not  appear,  that 
the  Fluents  of  one  Sort  can  be  compared  with  thofe  of  the  other  Sort, 
or  with  thofe  of  any  different  Series  of  this  Kind. 

The  inverfe  Method  is  profecuted  farther  in  the  4th  Chapter,  by  va¬ 
rious  Theorems  concerning  the  Area  when  the  Ordinate  is  exprefifed 
by  a  Fluent,  or  when  the  Ordinate  and  Bafe  are  both  exprefifed  by 
Fluents.  The  firft  is  the  Xlth  Prop,  of  Sir  I.  Newton's  Treatife  of 
Quadratures.  In  Art.  819,  820,  6?V.  the  Author  fuppofes  the  Ordi¬ 
nate  and  Bafe  to  be  both  exprefifed  by  Fluents,  and  fhewsf  in  many 
Cafes,  that  the  Area  may  be  affigned  by  the  Produdt  of  two  fimple 
Fluents,  as  of  two  circular  Arcs,  or  of  a  circular  Arc  and  a  Logarithm. 
This  Subjed  deferves  to  be  profecuted,  becaufe  the  Refolution  of  Pro¬ 
blems  is  rendered  more  accurate  and  fimple,  by  reducing  Fluents  to 
the  Produds  of  Fluents  already  known,  than  by  having  immediately 
Recourfe  to  infinite  Series.  One  of  the  Examples  in  Art.  822,  may 
be  eafily  applied  for  demonftrating,  that  the  Sum  of  the  Fradions 
which  have  Unit  for  their  common  Numerator,  and  the  Squares  of  the 
Numbers  1,  2,  3,  4,  5,  6,  &c.  in  their  natural  Order,  for  their  flic- 
ceffive  Denominators,  is  one  fixth  Part  of  the  Number,  which  expreflfes 
the  Ratio  of  the  Square  of  the  Periphery  of  a  Circle  to  the  Square  of 
it’s  Diameter  ;  which  is  deduced  by  Mr  Euler,  Comment .  PetropoL 
Tom.  7.  in  a  different  Manner  ;  and  other  Theorems  of  this  Kind  may 
be  demonflrated  from  the  fame  or  like  Principles. 

The  Series  that  is  deduced  by  the  ufual  Methods  for  computing  the 
Area  or  Fluent,  converge  in  fome  Cafes  at  fo  flow  a  Rate,  as  to  be  of 
little  or  no  Ufe  without  fome  farther  Artifice,  For  Example  :  The 
Sum  of  the  firft  Thoufand  Terms  of  Lord  Rrbunker's  Series  for  the 
Logarithm  of  2,  is  deficient  in  the  fifth  Decimal.  In  order  therefore 
to  render  the  Account  of  the  inverfe  Method  more  complete,  the  Au¬ 
thor  fhews  how  this  may  be  remedied  in  many  Cafes,  by  Theorems  de¬ 
rived  from  the  Method  of  Fluxions  itfelf,  which  likewife  ferve  for  ap¬ 
proximating  readily  to  the  Values  of  Progreflions,  and  for  refolving 
Problems  that  are  commonly  referred  to  other  Methods.  Thofe  Theo- 
rems  had  been  defcribed  in  Book  I.  Art.  352,  GV.  but  the  Demon- 
ftration  and  Examples  were  referred  to  this  Place,  as  requiring  a  good 
deal  of  Computation.  The  Bafe  being  fuppofed  equal  to  Unit,  and  it’s 
Fluxion  alfo  equal  to  Unit,  let  half  the  Sum  of  the  extreme  Ordinates 
be  reprefented  by  ay  the  Difference  of  the  firft  Fluxions  of  thefe  Qrdi- 
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nates  by  b,  the  Difference  of  their  third,  fifth,  feventh,  and  higher  al¬ 
ternate  Fluxions  by  r,  d>  e ,  then  the  Area  fhall  be  equal  to 

a _ -£ . - -4-  — — - — ,  (Ac.  which  is  the  firff  Theo- 
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for  findino-  the  Area.  The  reft  remaining,  let  a  now  reprefent  the 

°  ,  b  7  c 

middle  Ordinate,  and  the  Area  fhall  be  equal  a 

*  jl.  3ld-  _  — 1211—  -j-  (Ac.  And  this  is  the  Theorem  which 
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the  'Author  makes  moft  Ufe  of.  When  the  feveral  intermediate  Or¬ 
dinates  reprefent  the  Terms  of  a  Progreflion,  the  Area  is  computed 
from  their  Sum,  or  converfely  their  Sum  is  derived  from  the  Area, 
by  Theorems  that  eafily  low  from  thefe. 

Thefe  general  Theorems  are  afterwards  applied  for  finding  the  Sums 
of  the  Powers  of  any  Terms  in  Arithmetical  Progreflion,  whether  the 
Exponents  of  the  Powers  be  pofitive  or  negative,  and  for  finding  the 
Sums  of  their  Logarithm,  and  thereby  determining  die  Ratio  of  the 
Uncia  of  the  middle  Term  of  a  Binomial  of  a  very  high  Power  to  the 
Sum  of  all  the  Uncia.  This  laft  Problem  was  celebrated  amongft 
Mathematicians  fome  Years  ago,  and  by  endeavouring  to  refolve  it 
by  the  Method  of  Fluxions  the  Author  found  thofe  Theorems,  which 
give  the  fame  Conciufions  that  are  derived  from  other  Methods. .  They 
are  likewife  applied  for  computing  Areas  nearly  from  a  few  equidiftant 
Ordinates,  and  for  interpolating  the  intermediate  Terms  of  a  Series, 
when  the  Nature  of  the  Figure  can  be  determined,  whofe  Ordinates  are 
as  the  Differences  of  the  Terms. 

In  the  laft  Chapter,  the  general  Rules  derived  from  the  Method  of 
Fluxions  for  the  Refolution  of  Problems,  are  defcribed  and  illuftrated 
by  Examples.  After  the  common  Theorems  concerning  Tangents,  the 
Rules  for  determining  the  greateft  and  leaft  Ordinates,  with  the  Points 
of  contrary  Flexure,  and  the  Precautions  that  are  neceffary  to  render 
them  accurate  and  general,  (which  were  defcribed  above)  are  again 
demonftrated.  Next  follow  the  Algebraic  Rules  for  finding  the  Cen¬ 
ter  of  Curvature,  and  determining  the  Cauftics  by  Reflexion  and  Re- 
fra&ion,  and  the  centripetal  Forces.  The  Conftrudtion  of  the  Tra- 
ie&ory  is  given,  which  is  defcribed  by  a  Force  that  is  inverfely  as  the 
5th  Power  of  the  Diftance  from  the  Center,  becaufe  this  Conftruction 
requires  Hyperbolic  and  Elliptic  Arcs,  and  becaufe  a  remarkable  Cir- 
cumftance  takes  Place  in  this  Cafe,  (and  indeed  in  an  Infinity  of  other 
Cafes)  which  could  not  obtain  in  thofe  that  have  been  already  con- 
ftru&edby  others,  viz.  That  a  Body  may  continually  defcend  jn  a 
fpiral  Line  towards  the  Cent*,  and  yet  never  approach  fo  near  to  it 
as  to  defcend  to  a  Circle  of  a  certain  Radius  *,  and  a  Body  may  re¬ 
cede  for  ever  from  the  Center,  and  yet  never  arife  to  a  certain  finite 

Altitude.  The  Conftru&ion  of  the  Cafes  wherein  this  obtains  is  per¬ 
formed 
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formed  by  Logarithms  or  Hyberbolic  Areas,  the  Angles  defcribed  a- 
bout  the  Center  being  always  proportional  to  the  Hyperbolic  SeCtors, 
while  the  Diftances  from  the  Center  are  direCtly  or  inverfely  as  the 
Tangents  of  the  Hyperbola  at  it’s  Vertex.  The  Circle  is  an  Afymp- 
tote  to  the  Spiral  and  this  can  never  be,  unlefs  the  Velocities  requi- 
fite  to  carry  Bodies  in  Circles  increafe  while  the  Diftances  decreafe,  (or 
decreafe  while  the  Diftances  increafe)  in  a  higher  Proportion  than  the 
Velocity  in  the  Trajectory  •,  that  is,  unlefs  the  Force  be  inverfely  as  a 
higher  Power  of  the  Diftance  than  the  Cube.  Next  follow  Theorems 
for  computing  the  Time  of  Defcent  in  any  Arc  of  a  Curve,  for  finding 
the  Refiftance  and  Denfity  of  the  Medium  when  the  Trajectory  and  cen¬ 
tripetal  Force  are  given,  and  for  defining  the  Catenaria  and  Line  of 
fwifteft  Defcent  in  any  Hypothefis  of  Gravity. 

Then  the  ufual  Rules  are  derived  from  the  inverfe  Method  for  com¬ 
puting  the  Area,  the  Solid  generated  by  it,  the  Arc  of  the  Curve,  and 
the  Surface  defcribed  by  it  revolving  about  a  given  Axis.  The  me¬ 
ridional  Parts  in  a  Sphere,  and  any  Spheroid,  are  determined  with  the 
fame  Accuracy,  and  almoft  equal  Facility.  The  Attraction  of  a  Sphe¬ 
roid  at  the  Equator,  as  well  as  at  the  Poles,  is  determined  in  a  more 
general  Manner  than  in  the  firft  Book,  or  in  a  Piece  of  the  Author’s 
publifhed  at  Paris  in  1740,  which  obtained  a  Part  of  the  Prize  pro- 
pofed  by  the  Royal  Academy  of  Sciences  for  that  Year.  Several  Mecha¬ 
nical  Problems  are  refolved,  concerning  the  Proportion  the  Power  ought 
to  bear  to  the  Weight,  that  the  Engine  may  produce  the  greateft  EffeCt 
in  a  given  Time  ;  and  concerning  the  moft  advantageous  Pofition  of 
a  Plane  which  moves  parallel  to  itfelf,  that  a  Stream  of  Air  or  Water 
may  impel  it  with  the  greateft  Force,  having  Regard  to  the  Velocity 
which  the  Plane  may  have  already  acquired.  On  this  Occafion,  it  is 
fhewn,  that  the  Wind  ought  to  ftrike  the  Sails  of  a  Wind-mill  in  a 
greater  Angle  than  that  of  540  44 againft  what  has  been  deduced  from 
the  fame  Principles  by  a  learned  Author.  The  fame  Theory  is  applied 
to  the  Motion  of  Ships,  abftraCting  from  the  Lee-way,  but  having 
Regard  to  the  Velocity  of  the  Ship  -,  and  amongft  other  Conclufions 
it  appears,  that  the  Velocity  of  a  Veftel  of  one  Sail  may  be  greater  with 
a  Side-wind,  than  when  fhe  fails  direCtly  before  the  Wind  ;  which, 
perhaps,  may  be  the  Cafe  of  thofe  feen  by  Captain  Dampier  in  the  La- 
drone  IJlands ,  that  failed  at  the  Rate  of  12  Miles  in  half  an  Hour  with 
a  Side-wind. 

The  Remainder  of  this  Chapter  is  employed  in  reducing  Equations 
from  fe con d  to  firft  Fluxions-,  conftruCting  the  elaftic  Curve  by  the 
Rectification  of  the  equilateral  Hyperbola  determining  the  Vibrations 
of Mufical  Chords-,  refolving  Problems  concerning  the  Maxima  and 
Minima ,  that  are  propofed  with  Limitations,  relating  to  the  Perimeter 
of  the  Figure,  it’s  Area,  the  Solid  generated  by  this  Area,  (Ac.  with 
Examples  of  this  Kind  concerning  the  Solid  of  leaft  Refiftance  *,  and 
concludes  with  an  Inftance  of  the  Theorems  by  which  the  Value  of  the 
<  V  0  L.  VIII.  Part  i.  I  *  Ordi- 


58 


A  general  Method  of  defcribing  Curves. 

Ordinate  may  be  determined  from  the  Value  of  the  Area,  by  common 
Algebra,  and  by  obferving,  that  it  is  not  abfolute,  but  relative  Space 
and  Motion,  that  is  fuppofed  in  the  Method  of  Fluxions. 

A  general  Me-  VI.  i.  You  have  here  a  general  Method  of  defcribing  Lines  of  any 

tbod  of  de-  Order,  by  means  of  the  Interfedlion  of  right  Lines  about  Poles *,  which 
fcribing  ;s  much  more  fimple  than  that  of  Sir  L  Newton ,  and  will  give  a  Solu- 
Zlfehion  Of  tion  of  many  very  difficult  Problems  •,  and  I  queftion  whether  they  can 
right  Lines  be  found  by  any  other  Principles.  I  gave  only  one  particular  Cale  of 
mowing  about  in  a  geometrical  Exercitation  printed  at  London  in  1733,  not 

Points  in  a  thinking  it  convenient  to  explain  the  whole  Affair  at  that  Time,  tho* 
gbythe  Rew!  I  was  well  acquainted  with  the  Method.  It  is  now  three  Years  ago, 
Mr  William  that  I  fell  upon  the  general  Theorem,  but  I  had  many  Reafons  for  con- 
Braikenridge,  cealing  it  *,  and  I  was  determined  to  let  two  Years  at  leaft  pafs  after  the 
No.  436.  p.  plication  of  that  Exercitation,  before  this  general  Method  ffiould  come 
&C’  into  the  World.  For  I  did  not  doubt,  but  that  if  any  others  were  in 
/35‘  Poffeffion  of  this  Invention,  they  would,  upon  the  Publication  of  a 

particular  Cafe,  efpecially  as  they  were  provoked  to  it,  lay  hold  of 
the  Opportunity  to  publifh  their  general  Method,  if  they  had  really 
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Fig.  6.  W  About  three  given  Points  A,  B,  C,  as  Poles,  in  any  Plane,  let  there 
be  moved  three  right  Lines,  A  N  S,  BOS,  C  N  O,  which  may  in- 
terfedt  one  another  in  the  Points  S,  N,  O,  and  let  the  two  Points  of 
interfedlion  S  and  N  be  drawn  through  the  right  Lines  D  KS,  R  NK 
given  by  Pofition  ;  the  reft  O  will  defcribe  a  Conic  Sedtion.  If 
through  the  Points,  A,  B,  C,  are  drawn  the  right  Lines  AB,  AC, 
meeting  each  other  in  A,  and  the  right  Lines  R  K,  D  K,  given  by 
Pofition  in  R  and  M  •,  the  Figure  defcribed  will  pafs  through  the 
five  Points  B,  C,  K,  M,  R.  And  hence  appears  a  new  Method  of 
defcribing  a  Conic  Sedtion  through  five  given  Points,  much  more  eafy 
than  any  that  have  been  hitherto  invented. 

Let  there  be  moved  about  four  Points  A,B,  C,  D,  as  Poles,  in  any 
Plane,  as  many  right  Lines,  A  N  S,  BOS,  C  N  O,  D  P  O,  three  of 
which  A  N  S,  BOS,  C  N  O,  may  interfedt  each  other  in  three  Points, 
S,  N,  O,  and  let  the  two  Points  of  Interfedion  S,  N,  be  drawn  through 
the  right  Lines  d  K,  R  K,  given  by  Pofition,  and  in  the  mean  time 
let  the  right  Line  D  P  O,  drawn  from  the  fourth  Pole  O,  pafs  through 
the  Remainder  O,  and  cut  the  right  Line  A  N  S  in  P,  and  that  Point 
P  will  defcribe  a  Line  of  the  third  Order. 

Through  the  Poles  A,  B,  D,  let  the  right  Lines  A  B  R,  D  B  H,  be 
drawn,  meeting  each  other  in  B,  and  the  right  Lines  K  R,  K  d,  given 
by  Pofition  in  RH  ;  the  Figure  defcribed  by  the  Motion  of  the  Point 
P  will  pafs  through  the  five  Points,  A,  D,  H,  K,  R,  of  which  A  will 
be  double.  Hence  is  deduced  the  Method  of  defcribing  a  Line  of  the 
3d  Order  through  feven  given  Points,  one  of  which  is  double.  For 
fig.  3.  Et  A,  D,  H,  K,  P,  M,  R,  be  given,  and  one  of  them  A  muff  be 

double.  Through  the  two  Points  H,  R,  and  another  K,  let  the  right 
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Lines  H  K,  RK,  be  moved,  and  let  the  Points  A  R,  and  H  D,  be 
joined,  and  let  the  right  Lines  A  R,  HD,  be  produced,  meeting  one 
another  in  B.  Then  the  right  Lines  A  P  N  S,  A  M  n  s,  cutting  the 
right  Line  K  R  in  N,  n,  and  the  right  Line  H  K,  in  S,  s,  being  drawn 
through  A,  and  the  Points  P,  M  ;  let  the  right  Lines  B  S,  B  s,  be 
drawn  through  thofe  Points  S,  s,  to  B  •,  and  through  D,  to  the  Points 
P,  M,  move  the  right  Lines  D  P  O,  DMT,  meeting  the  right  Lines 
B  S,  Bs,  in  O,  T.  Let  the  Points  O,  N,  andT,  n  be  joined,  and  let 
the  right  Lines  O  N,  T  n  be  produced,  meeting  together  in  C.  I  hen 
about  the  Points  A,  B,  C,  D,  as  Poles,  let  the  right  Lines  AS,  BO, 

CO,  DO,  revolve,  of  which  let  three  AS,  BO,  CO,  interfeci  each 
other  in  the  Points  S  N  O,  and  let  two  S,  N  be  drawn  through  the 
right  Lines  H  K,  K  R,  and  in  the  mean  time  let  the  right  Line  D  O 
always  pafs  through  the  Remainder  O,  and  cut  the  right  Line  A  NS 
in  P,  and  this  Interfeftion  P  of  the  right  Lines  AS,  DO,  will  defcribe 
a  Line  of  the  third  Order  palling  through  feven  given  Points,  A,  D,  H, 

K,  M,  P,  R,  and  doubly  through  the  given  A. 

Lines  alfo  of  the  third  Order  are  more  generally,  but  lefs  commo-  Fig.  9' 
dioufly  defcribed  after  this  Manner,  which  alfo  comprehends  the  firft. 

About  five  given  Points  A,  B,  C,  D,  E,  as  Poles,  let  as  many  right 
Lines  A  N  S,  BOS,  C  N  O,  DPO  EPS  revolve,  of  which  let 
three  A  NS,  BOS,  CNO  interfeci  one  another  in  the  Points 
NS  O;  let  two  S,  N,  be  drawn  through  the  right  Lines  given  by  Po- 
fition  d  K,  K  R  ;  and  one  S  of  the  two  S,  N,  and  the  Remainder  O,  let 
the  right  Lines  E  PS,  DPO  pafs,  being  drawn  through  the  Poles 
E,  D,  and  meeting  in  P  :  let  that  Point  P  defcribe  a  Line  of  the  third 
Order,  with  a  double  Point  in  the  Pole  E. 

In  like  Manner  may  Lines  of  the  fourth  order  be  defcribed.  About  Fig.  10. 
five  given  Points  joined  A,  B,  C,  D,  E,  as  Poles,  in  any  Plane  ;  let 
as  many  right  Lines,  A  N  S,  B  Q^S,  CNO,  DPO,  E  P  Q,  be 
moved  •,  of  which  let  three  A  N  S,  B  Q__S,  C  N  O,  meet  each  other  in 
three  Points  S,  N,  O  ;  let  the  two  Points  of  Interfedion  be  drawn  thro’ 
the  right  Lines  d  K,  R  K,  given  by  Pofition,  and  in  the  mean  time 
let  the  right  Line  DPO,  moveable  about  the  fourth  Pole  D,  pafs  thro’ 
the  Remainder  O,  and  cut  the  right  Line  A  N  S,  in  P ;  then  let  the 
right  Line  E  P  Q,  drawn  from  the  5th  Pole  E,  be  drawn  thro’  P,  and 
be  produced  on  both  Sides,  till  it  meets  the  right  Lines  B  QJ5,  C  N  O, 
in  and  W  :  I  fay  that  the  Points  W,  will  defcribe  Lines  of  DmnJlratli 
the  4th  Order.  Through  the  Poles  A,  E,  and  B,  D,  let  the  tight  yrom  gxerc> 
Lines  A  EH,  BDF  revolve,  meeting  the  right  Line  d  K,  given  Geom.  Trof0 
by  Pofition,  in  H,  F,  let  D  and  E  be  joined  •,  and  A  D  being  drawn  n. 
through  the  Poles  D,  A,  meeting  the  right  Line  d  K  in  V  *,  from 
V  let  the  right  Line  V  B  be  drawn  to  the  Pole  B,  and  cut  the  right 
-Line  D  E  in  G.  The  Figure  defcribed  will  pafs  through  the  five 
Points  B,  E,  G,  F,  H,  and  triply  through  the  Pole  B.  Let  the  right 
•Line  A,  B,  R,  be  produced  through  the  Poles  A,  B,  and  meet  the 
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right  Line  K  R,  given  by  Pofition  in  R  *,  the  Curve  will  alfo  pafs  thro’ 
the  Points  R,  K. 

Hence  is  derived  the  Method  of  drawing  a  Line  of  the  4th  Order 
through  nine  given  Points,  of  which  one  is  triple.  For  let  B,  E,  F,  G, 
H,  L,  M,  T,  Q^be  given,  and  one  of  them  B  mull  be  triple.  Let 
the  Points  B  F,  F  H,  H  E  be  joined,  and  the  right  Lines  B  F,  F  H, 
HE  be  produced,  and  through  the  Points  EG,  G  B,  let  the  right 
Lines  E  G  D,  BG  V  be  drawn,  of  which  let  EGD  cut  the  right 
Line  B  F  in  D,  and  let  the  other  B  G  V  cut  the  right  Line  FH  in 
V.  Then  having  joined  V  and  D,  and  produced  V  D,  till- it  meets 
the  right  Line  H  E  in  A,  let  the  right  Line  d  A  B  R  be  drawn  thro* 
the  Points  A,  B.  Then  from  the  Points  B,  E,  let  the  right  Lines 
B  QJ5,  EPQ,  be  moved  to  the  given  Q,  of  which  let  the  firft  B  QJ> 
meet  with  F  H,  produced  to  S  •,  and  A  S  being  drawn  through  the 
Points  A,  S,  and  meeting  the  right  Line  E  Qjn  P,  let  the  right  Line 
D  P  O  be  produced  through  P  and  D,  and  meet  the  right  Line  B  QJS 
in  O  :  and  let  the  Point  O  be  marked.  And  in  like  Manner  from  the 
fame  B,  E,  to  another  given  T,  let  the  right  Lines  B  T  s,  EpT  (fup- 
ply  the  Figure)  be  turned,  of  which  let  B  T  s  meet  with  F  H  in  s, 
and  the  right  Line  A  s  cutting  the  right  Line  EpT  in  p  being  drawn, 
let  the  right  Line  D  p  Z  be  moved  through  p  and  D,  and  meet  the 
right  Line  B  T  s  in  Z,  and  let  Z  be  marked.  And  fo  on  let  right 
Lines  be  drawn  from  the  fame  B,  E,  to  the  other  given  M  L,  and 
right  Lines  being  drawn  from  A  and  D  as  before,  let  the  Points  found 
be  marked  X  Y.  Then  thro’  the  four  Points  found,  O,  Z,  X,  Y,  and 
the  given  one  B,  let  a  Conic  Sedlion  be  deferibed,  cutting  the  right  Line 
F  H  in  the  Points  I  K,and  the  right  Line  d  A  B  in  B,  R.  Through  the 
Points  A,  I,  let  the  right  Line  A  I  be  drawn,  cutting  the  Conic  Section 
in  I  and  C ;  and  let  the  Points  K,  R  be  joined,  and  let  the  right 
Line  K  R  be  produced.  Now  about  the  five  Points  A,  B,  C,  D,  E, 
as  Poles,  let  as  many  right  Lines  AS,  B  S,  C  N,  DO,  EQ,  re¬ 
volve,  of  which  let  three  A  S,  B  S,  C  N,  meet  each  other  in  N,  S,  O, 
and  let  the  Interfecdions  N  and  S  of  the  right  Lines  A  S,  C  N,  and  A  S, 
B  S  be  drawn  through  the  right  Lines  K  R,  FHK;  and  in  the  mean 
time  let  the  right  Line  DPO  pafs  through  the  Pole  D,  and  the  Inter- 
fe6lion  O  of  the  right  Lines  B  S,  C  N,  and  cut  the  right  Line  A  S  in  P  ; 
and  through  P  and  the  Pole  E,  let  the  right  Line  E  P  Q  be  produced, 
cutting  the  right  Line  B  S,  in  and  this  Interfe&ion  Q_of  the  right 
Lines  B  S,  E  P  will  deferibe  a  Line  of  the  4th  Order  palling  through 
nine  given  Points,  B,  E,  F,  G,  H,  L,  M,  T,  Q,  one  of  which  B 
will  be  triple. 

By  a  Method  not  much  unlike  this,  a  Line  of  the  4th  Order  may 
be  deferibed  through  eight  given  Points,  three  of  which  are  double,  as 
alfo  a  Line  of  the  fame  Order  through  eleven  given  Points,  two  of 
which  are  double,  and  more  of  the  fame  Sort. 
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But  as  for  the  Number  of  Points  which  determine  a  Line  of  any  Or¬ 
der,  I  find  that,  if  n  is  the  Number  of  the  Dimenfions  of  a  Line, 
nz  i  will  be  the  Number  of  Points  through  which  the  Line  may  be 
defcribed.  For  Inftance,  a  Line  of  the  fecond  Order  through  five  Points ; 
of  the  third  through  10  ;  of  the  4th  through  17 ;  of  the  5th  through 
26.  And  hence  is  deduced,  that  if  a  Line  of  the  Order  n  has  a  pun  Bum 
multiplex ,  it  may  be  delcribed  through  2  0-j—  1.  For  Example,  a  Line 
of  the  third  Order,  with  a  punttum  duplex  \  that  is,  n — 1  =  2,  thro* 
feven  Points,  and  a  Line  of  the  4th  Order  with  a  pundlum  triplex  through 
nine,  GV.  And  generally  if  >,  y,  r,  &c. .  denote  pun  ft  a  mulf:plicia9  of 
which  the  Number  is  nt9  a  Curve  may  be  defcribed  through  n 2  — p2 

—  —  r2  m- f-  1  Points,  in  which  m  are  multiplicia  \  for  Inftance,  a 
Line  of  the  4th  Order,  which  has  three  pun  ft  a  duplicia  may  be  defcribed 
through  eight  Points-,  for  n  =  4,  p  =  q  =  r  =  2,  m  =  3,  and  16  —  4 

—  4  —  4/“T  3  1  =  8. 

There  is  another  Method  alfo,  not  very  different  from  the  firft,  of  Fig.  12 . 
defcribing  Lines  of  the  4th  Order,  but  a  little  more  complicated.  About 
feven  Poles  A,  B,  C,  D,  E,  F,  G,  let  there  revolve  as  many  right 
Lines  AS,  B  S,  C  N,  DS,  E  N,  F  O,  G  T,  of  which  let  one  A  N  S, 
in  revolving  cut  the  right  Lines  d  K,  R  K,  given  by  Pofition,  in  the 
Points  S,  N  ;  let  the  right  Lines  C  N,  E  N  be  drawn  through  one  of 
thern  N,  and  the  right  Lines  B  S,  DS  through  the  other  S,  and  meet 
the  right  Lines  CN,  E  N  in  the  Points  O,  T,  defcribing  Conic  Sec¬ 
tions  as  above  ;  and  in  the  mean  time  let  the  right  Lines  F  O,  G  T, 
drawn  from  the  Poles  F,  G,  pafs  through  the  fame  O,  T,  and  meet  in 
P  ;  the  interfedion  P  will  defcribe  a  Line  of  the  4th  Order,  with  a. 
double  Point  in  both  Poles  F.and  G. 

But  not  to  detain  you  any  longer  with  thefe,  I  fhall  now  give  you  Fig.  13, 
the  general  Theorem.  About  the  Points  A,  B,  C,  D,  E,  F,  G,  H, 

&c.  as  Poles,  of  which  let  the  Number  be  0,  let  as  many  right  Lines 
AS,  B  S,  C  N,  DP,  E  Q,  F  W,  X  G,  H  Y,  GV.  revolve,  of 
which  let  three  AS,  B  S,  C  N  interfed  each  other  in  the  Points  N,S,0, 
let  two,  S,  N,  be  drawn  through  the  right  Lines  d  K,  K  R  given  by 
Pofition  and  in  the  mean  while  through  the  Remainder  O  and  the 
Pole  D  let  the  right  Line  D  P  pafs,  cutting  the  right  Line  AS  in  R 
and  the  right  Line  E,  Q,  being  drawn  through  P  and  the  Pole  E, 
cutting  the  right  Line  B  S  in  Q\  and  from  through  the  Pole  F,  let 
F  Q^be  drawn,  and  cut  the  right  Line  A  S  in  W5.  and  W  G  being 
drawn  through  W  and  the  Pole  G,  cutting  the  right  Line  BS  in  X, 
and  then  let  the  right  Line  H  Y  be  produced  through  X  and  the  Pole 
H,  meeting  the  right  Line  S  A  in  Y,  and  fo  on  ;  the  Interfcdion  Y  of 
the  right  Line  Y  H  drawn  from  the  laft  Pole  H,  with  either  of  the 
right  Lines  AS,  BS,  will  deferihe  a  Line  of  the  Order  n —  1  ;  and' 
the  manifold  Curve  will  have  the  Point  n  —  2  in  the  Pole  A  or  B,  as 

has  been  defcribed  by  the  Interfcdion  of  the  right  Line  A  S  or  B  S, 

The  Points  O,  P,  W,  X,  Y,  GV,  will  defcribe  Lines  of  the  2d,  3d, 
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4th,  jth*  6th,  7th,  &c,  Order,  but  if  all  the  Poles  A,  B,  C,  D,  E, 
F,  G,  H,  £s?f.  are  placed  in  the  fame  right  Line,  thofe  Points,  O,  P, 
Q,  W,  X,  Y,  &c.  will  alfo  defcribe  as  many  right  Lines. . 

Fig.  14.  The  Newtonian  defcription  is  alfo  greatly  promoted  by  this  Method. 

It  is  well  known,  that,  if  the  given  Angles  O  A  N,  OBN  revolve 
about  the  given  Points  A  B  and  the  Interfe&ion  N  of  the  Legs  A  N, 
BN,  is  drawn  through  the  right  Line  N  R,  given  by  Pofitions,  the 
Interfeclion  O  of  the  Legs  A  O,  B  O  will  defcribe  a  Conic  Se&ion. 
Now  let  another  Point  C  be  taken,  about  which  let  the  right  Line  O  C  P, 
be  moved,  which  ffiall  always  pafs  through  the  Interfe&ion  O  of  the 
Legs  A  O,  B  O,  and  meet  the  other  Leg  A  N  of  the  Angle  A  in  P  *,  the 
Inter  feet  ion  P  will  defcribe  a  Line  of  the  3d  Order  paffing  doubly 
through  the  Pole  A.  And  in  like  manner,  if  by  the  Interfe&ion  BN 
of  the  Angle  N  a  Curve  is  deferibed,  it  will  be  of  the  fame  Order,  and 
have  a  punttum  duplex  in  the  Pole  B.  And  hence  alfo  it  appears,  how 
a  Line  of  the  third  Order  may  be  deferibed,  through  feven  given  Points, 
one  of  which  is  double. 

Let  the  Angles  O  A  N,  OBN,  be  moved,  as  before,  about  the 
given  Points  A,  B,  and  through  the  Interfe&ion  O  of  the  Sides  O  A, 
O  B,  let  the  right  Line  O  C  P  pafs,  being  drawn  from  another  given 
one  C,  meeting  the  Side  A  N  of  the  Angle  A  in  P  ;  then  through  P 
and  a  4th  given  one  D,  drawn  the  right  Line  D  P  Qjneeting  the  Leg 
A  O  in  Qj,  the  Point  Q^will  defcribe  a  Line  of  the  4th  Order,  with 
a  pundlum  triplex  in  the  Pole  A. 

And  thus,  by  increafing  the  Number  of  the  Poles  A,  B,  C,  D,  &c, 
fo  that  their  Number  at  Length  may  be  #,  the  Line  deferibed  will  be 
of  the  fame  Order  n,  But  it  ffiould  be  obferved,  that  for  the  Angle 
O  B  N  we  fubftitute  the  right  Line,  which  revolves  about  the  Pole  B, 
the  Defcription  will  be  more  eafy. 

Concerning  the  2.  I  am  informed  that  fome  Papers  *  have  been  prefented  to  the 
Defcription  of  Royal  Society  of  late,  concerning  the  Defcription  of  Curves,  in  a  man- 
Curve  Lines,  ner  jias  a  near  Affinity  to  that  which  I  communicated  to  them 

M<Daurinlm  °f  °ld,  and  ^ave  canaed  farther  fince  *,  and  that  it  would  not  be  un- 
Math.  Prof,  feafonable,  nor  unacceptable,  if  I  ffiould  fend  an  Account  of  what  I 
Edinburgh,  have  done  further  on  that  Subjedt  fince  the  Year  1719.  The  Author 
F.  R.  s.  Com-  tFofe  Papers  taught  Mathematicks  here  privately  for  fome  Years, 
Scc^i*  and  fome  time  ago  (viz,  in  1727.J  mentioned  to  me  fome  Theorems 
1732.  9  he  had  on  that  Subject ;  which,  at  the  fame  Time,  I  ffiewed  him  in  my 
Papers.  Some  Time  before  that,  he  ffiewed  me  a  Theorem  which  co¬ 
incided  with  one  of  thofe  in  my  Book,  tho’  he  feemed  not  to  have  ob¬ 
ferved  that  Coincidence  *,  and  indeed  Methods  of  that  kind  are  often 
found  coincident  that  do  not  appear  fuch  at  firft  Sight.  I  am  unwilling 
to  be  the  Occafion  of  difeouraging  any  thing  that  is  truly  ingenious, 

<  i  9 

*  The  Papers  here  hinted  at  are  printed  in  a  Treatife,  intituled,  Exercitatio  Geometrica 
de  Defcriptione  Curvarum,  Authore  Gulielmo  Braikenridge^  Lond.  1733*  F0, 
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and  renounce  any  Pretenfions  of  appropriating  Subjedls  to  my  (elf  ;  but, 
on  the  contrary,  wifh  Juftice  may  be  done  to  every  Perfon,  or  to  any 
Performance  in  Proportion  to  it’s  Merit  ;  yet  I  find  it  is  fit  I  fhould 
take  Precautions  left  any  one  fhould  take  it  in  his  Head  afterwards  to 
fay,  I  take  Things  from  him  which  I  may  have  had  long  before  him  ; 
and  therefore  fhall  fend  you  an  Abftradt  of  what  I  have  done  in  Rela¬ 
tion  to  this  Matter,  fince  the  Year  1719. 

I  have  fo  much  on  this  Subject  by  me,  that  I  am  at  a  Lofs  what  to 
fend  ;  but  at  prefent  I  fhall  only  give  you  an  Abftraft  of  thofe  Propo- 
fitions,  which  I  take  to  be  more  nearly  related  to  thofe  which  this  Author 
has  offered  to  the  Society  from  the  Conventions  I  had  with  him.  In 
1721,  I  printed  feveral  Sheets  of  a  Supplement  to  my  Book  on  the 
Defcription  of  Curve  Lines,  which  I  have  never  yet  publi filed,  having 
been  engaged  for  the  moft  part  in  Bufinefs  of  a  different  Nature,  and 
in  Purfuits  on  other  Subjedls  fince  that  time.  I  fhall  firft  give  you  an 
Abftradt  of  that  Supplement,  as  far  as  it  was  then  printed,,  and  fhall 
fubjoin  to  this  an  Account  of  fome  Theorems  I  added  to  it  the  following 
Year,  viz .  in  1722.  I  was  led  into  thofe  new  Theorems  by  Mr  Robert 
Sympfon's  giving  me  at  that  Time  a  Hint  of  the  ingenious  Paper  which, 
has  been  fince  publifhed  in  the  Philofophical  Tran  factions.  I  had  tried  in 
the  Year  1719,  what  could  be  done  by  the  Rotation  of  Angles  on  more 
than  two  Poles  ;  and  had  obferved,  that  if  the  Jnterfedtions  of  the  Legs 
of  the  Angles  were  carried  over  rightLines,  as  in  Sir  I.  Newton's  Defcrip¬ 
tion,  the  Dimenfions  of  the  Curve  were  not  raifed  by  this  Increafe  of 
the  Number  of  Poles,  Angles,  and  right  Lines  ;  and  therefore 
negledled  this  at  that  Time,  as  of  no  Ufe  to  me  •,  confining  myfelf 
to  two  Poles  only,  and  varying  the  Motions  of  the  Angles  as  you 
find  them  in  my  Book.  I  found  this  by  inquiring  in  how  many  Points 
the  Locus  could  cut  a  right  Line  drawn  in  it’s  Plane,  and  found,  by  a 
Method  I  often  ufe  in  my  Book,  that  it  could  meet  it  in  2  Points  only. 

Having  found  then,  that  3  or  more  Poles,  were  of  no  more  Service 
than  2,  while  the  Interfedtions  were  carried  over  fixed  right  Lines,  I 
thought  it  needlefs  to  profecute  that  Matter  then,  fince  by  increasing 
the  Number  of  Poles,  my  Defcriptions  would  become  more  complex 
without  any  Advantage.  But  in  June  or  July  1722,  upon  the  Hint  I 
got  from  Mr  Sympfon  of  Pappus's  Porifms,  I  faw  that  what  he  has 
there  ingenioufiy  demonftrated,  might  be  confidered  as  a  Cafe  of  the 
abovementioned  Defcription  of  a  Conic  Section,  by  the  Rotation  of  any 
Number  of  Angles  about  as  many  Poles  ;  the  Interfedlions  of  their 
Legs,  in  the  mean  time,  being  carried  over  fixed  right  Lines,  except¬ 
ing  that  of  two  of  them  which  defcribes  the  Locus.  For  by  fubftituting 
right  Lines  in  place  of  the  Angles,  in  certain  Situations  of  the  Poles 
and  of  the  fixed  right  Lines,  the  Locus  becomes  a  right  Line  ;  as  for 
Example,  in  the  Cafe  of  3  Poles,  when  thefe  3  are  in  one  right  Line,, 
in  which  Cafe  the  Locus  is  a  right  Line,  which  is  a  Cafe  of  the 
Porifm. 
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This  led  uie  to  confider  this  Subjed  anew  ;  and  firft  I  demonftrated 
the  Locus  to  be  a  Conic  Section  algebraically  *,  and  found  Theorems 
for  drawing  Tangents  to  it,  and  determining  it’s  Afymptotes..  I  alfo 
drew  from  it  at  that  Time  a  Method  of  defer ibing  a  Conic  Section  thro 
$  given  Points*  This  encouraged  me  to  fubftitute  Curves  for  the' 
-right  Lines,  to  fee  if  by  this  Method  I  could  be  enabled  to  carry  on  my 
Theorems  about  the  Defcriptions  of  Lines  through  given  Points  to.  the 
higher  Orders  of  Lines.  Some  of  the  Theorems  I  found  at  that  Time, 

I  now  fend  you.  In  Nov.  1722»  looking  into  Sir  Ifa&c* s  Principia ,  I 
faw  that  the  Defcription  of  the  Conic  Section  by  3  right  Lines,  mov¬ 
ing  as  above,  about  3  Poles,  could  be  immediately  drawn,  from  his 
2.0th  Lemma,  which  itfelf  is  a  Cafe  of  this  Defcription.  This  gradual¬ 
ly  led  me  to  feek  Geometrical  Demonftrations  for  the  whole,  as  far  as 
it  related  to  the  Conic  Sections.  I  fend  you  fome  Leaves  of  this  Paper 
dated  at  N'ancy ,  Nov.  1722.  Since  that  Time,  I  have  not  added 
much  to  this  Subjed,  but  what  relates  to  the  drawing  Tangents,  deter- 
minino-  the  Afymptotes,  and  the  Puntta  Duplicia ,  or  Multiplicia  of  thefe 
Curves!  I  confidered  it  the  lefs,  that  I  did  not  find  it  more  advanta¬ 
geous  in  any  Refpeds,  than  the  Method  I  had  confidered  in  my  Book, 
or  more  general. 

In  1727  I  added  to  a  Chapter  in  my  Algebra,  which  is  very  public 
in  this  Place,  an  Algebraic  Demonftration  of  the  Locus,  when  three 
Poles  are  employed  •,  and  the  Method  of  deferibing  a  Conic  .Section 
through  3  given  Points,  fubjoimng  at  the  fame  Time,  that  if  more 
Poles°are  employed,  and  Angles  or  right  Lines,  the  Locus  was  ft  ill  a 
Conic  Section  *,  which  I  thought  was  a  remarkable  Property  of  the  Co¬ 
nic  Sections  not  obferved  before. 

Thefe  Things  I  intended  to  put  in  order,  and  publifh  in  the  Supple¬ 
ment  to  my  Book,  a  Part  of  which  has  been  printed  fin.ee  the  Year 
1721.  I  have  in  my  View  alfo  to  give  feveral  other  Things  in  that 
Supplement  ;  two  of  which,  I  fhall  only  juft  mention  at  prefent, .  be- 
caufe  I  believe  they  are  foreign  to  the  prefent  Affair,  I  fubjoin  a 
Problem  determining  the  Figure  of  a  Fluid,  whofe  Parts  are  fuppofed 
to  be  attracted  to  two  or  more  Centers  ;  and  a  Solution  of  a  general 

Problem  about  the  Collifion  of  Bodies. 

The  Author  of  the  Papers  given  in  to  the  Royal  Society,  will  not  re- 
fufe  that  I  fhewed  him  the  Theorems  I  now  fend  you,  in  172 7.  He 
owned  it  laft  Summer  at  leaft  :  I  am  to  publifti  thefe  very  foon.  Whe¬ 
ther  he  has  carried  the  Subjed  farther,  I  leave  to  the  Judgment  of  the 
Gentlemen  to  whom  they  were  referred.  As  to  the  Demonftrations, 
it  would  take  fome  Time  to  put  them  in  a  proper  Form  to  be  publifli- 
ed.  I  could  fend  thofe  that  are  algebraic  eafily  *,  but  do  not  care  to 
fend  thofe  that  are  geometrical,  till  I  have  Leifure. 

*  Me  Paper  on  this  Subject  1  have,  is  dated  July  31,  1722,  at  Sea,  bein?  then  in  my 
Way  to  Loudon,  going  for  Cambray .  »•.  ,  , 
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In  the  firft  Part  of  the  Supplement,  there  is  a  general  Demonftration 
given  of  the  Theorem,  that  if  two  Lines  of  the  Orders  or  Dimenfions, 
exprefifed  by  the  Numbers  m  and  n,  be  defcribed  in  the  lame  Plane, 
the  greateft  Number  of  Points  in  which  thefe  Lines  can  interfed  each 
other,  will  be  m  n ,  or  the  Produd  of  the  Numbers  which  exprefs  the 
Dimenfions  of  the  Lines,  or  the  Orders  to  which  they  belong. 

In  the  next  Part,  Theorems  are  given  for  drawing  Tangents  to  all 
the  Curves  that  were  defcribed  in  that  Treatife  by  the  Motions  of 
Angles  upon  given  Lines.  Their  Afymptotes  are  alfo  determined  by 
more  fimple  Conftrudions  than  thofe  which  are  fubjoined  to  their 
Defcriptions  in  that  Treatiie.  Of  thefe  we  fhall  give  one  Inftance 
here. 

Suppofe  the  invariable  Angles  FCG,  KSH,  to  revolve  about  the 
fixed  Points  or  Poles,  C  and  S.  Suppofe  the  Interfedion  of  the  two 
Sides  CF,  SK,  to  be  carried  over  the  Curve  B  QM,  whofe  Tangent 
at  the  Point  Qjs  fuppofed  to  be  the  Right  Line  A  E  ;  and  let  it  be  re¬ 
quired  to  draw  a  Tangent  at  P  to  the  Curve  Line  defcfibed  by  P  the 
Interfedion  of  the  other  two  Sides  C  G  and  S  H. 

Draw  QT  conflituting  the  Angle  S  QJT,  equal  to  C  Q^A,  on  the 
oppofite  Side  of  S  that  CLA  is  from  C  Qj  and  let  QJT  meet  C  S 
(produced  if  neceflaryj  in  T.  Join  PT,  and  conftitute  the  Angle 
CP N  equal  toSPT,  on  the  oppofite  Side  of  CP,  that  PT  is  from 
SP,  and  the  Right  Line  P  N,  fhall  be  a  Tangent  at  P,  to  the  Curve 
defcribed  by  the  Motion  of  P,  which  is  always  fuppofed  to  be  the 
Interfedion  of  CG  and  SH. 

The  Afymptotes  of  the  Curve  defcribed  by  P,  are  determined  thus. 
Find,  as  in  the  abovementioned  Treatife,  when  thefe  Sides  become 
parallel,  whofe  Interfedion  is  fuppofed  to  trace  the  Curve  *,  which 
always  happens  when  the  Angle  CQJ>  becomes  equal  to  the  Supple¬ 
ment  of  the  Sum  of  the  invariable  Angles  F  CG,  K  SH,  to  four  Right 
ones,  becaufe  the  Angle  CPS  then  vanifhes.  Suppofe  that  when  this 
happens,  the  Interfedion  of  the  Sides  CF,  SK  is  found  in 

Conftitute  the  Angle  S  QJT  equal  to  C  QjA,  as  before,  and  let  QJF 
neet  CS  in  T.  Take  CN  equal  to  ST,  the  oppofite  Way  from  C 
that  ST  lies  from  S.  Through  N  draw  D  N  parallel  to  CG  or  SH, 
which  are  now  parallel  to  each  other,  and  D  N  fhall  be  an  Afymptote 
of  the  Curve  defcribed  by  the  Motion  of  P. 

If  in  place  of  a  Curve  Line  BQJVT,  a  fixed  Right  Line  AE  be 
fubftituted,  then  the  Point  P  will  defcribe  a  Conick  bedion,  whofe 
Tangents  and  Afymptotes  are  determined  by  thefe  Conftrudions.  In 
this  Supplement,  it  is  afterwards  fhewn  how  to  draw  the  Tangents  and 
Afymptotes  of  all  the  Curves  which  are  defcribed  in  the  above-mentioned 

Treatife  by  more  Angles  and  Lines. 

The  fame  Method  is  afterwards  applied  for  to  draw  Tangents  to  Lines 
defcribed  by  other  Motions  than  thofe  which  are  confidered  in  that 
Treatife  •,  of  which  the  following  is  an  Inftance.  Suppofe  that  the 
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Lines  CP  and  SP  revolve  about  the  Poles  C  and  S,  fo  that  the  Angle 
A  CP  bears  always  the  fame  invariable  Proportion  to  ASP,  fuppofe 
Fig.  20,  that  of  m  to  n.  In  the  Line  CS5  take  the  Point  T,  fo  that  ST  may 
be  to  CT  in  that  fame  Proportion  of  m  to  n  ;  and  this  Point  T  will  be 
an  invariable  Point,  fmce  CS  is  to  CT,  as  m  —  n  to  n.  Draw  TP,  and 
conftitute  the  Angle  S  P  N,  equal  to  C  P  T,  fo  that  P  N  and  P  T,  'may 
lie  contrary  ways  from  S  P  and  CP,  and  PN  ftiall  be  a  Tangent  of 
the  Curve  defcribed  by  the  Motion  of -the  Point  P.  Several  other 
Theorems  of  this  kind  are  fubjoined  here. 

After  thefe,  Lines  or  Angles  are  fuppofed  to  revolve  about  three  or 
more  Poles,  and  the  Dimenfions  of  the  Curves  with  their  Tangents  and 
Afymptotes  are  determined.  Suppofe  in  the  fir  ft  Place,  that  the  three 
Fig.  21.  Poles  are  C,  S,  and  D,  and  that  Lines  or  Rulers  CR,  sq,  qdr, 
revolve  about  thefe  Poles.  The  Line  which  revolves  about  D,  ferves 
only  to  guide  the  Motion  of  the  other  two,  fo  that  it’s  Interfedion  with 
each  of  them  being  carried  over  a  fixed  Right  Line,  their  Interfedion 
with  each  other  deferibes  the  Locus,  which  is  fhewn  to  be  a  Conick 
Sedion.  the  Interfedien  of  QJD  R  with  S  is  fuppofed  to  be  carried 
over  the  fixed  Right  Line  A  F ;  the  Interfedion  of  the  fame  QJ)  R, 
with  C  R,  is  fuppofed  to  be  carried  over  the  fixed  Right  Line  A  E  ;  and 
in  the  mean  time,  the  Interfedion  of  the  Right  Lines  S  CR,  that 
revolve  about  the  Poles  S  and  C,  deferibes  a  Conick  Sedion. 

This  Conick  Sedion  paffes  through  the  Poles  C  and  S;  and  if  you 
produce  DC  and  DS,  till  they  meet  with  A  Q^and  A  R  in  F  and  E, 
it  will  alfo  pafs  through  F  and  E :  It  alfo  paftes  always  through  A,  the 
Interfedion  of  the  fixed  Lines  Q^F  and  ER;  from  which  this  eafy 
Method  follows  for  drawing  a  Conick  Sedion  through  5  given  Points. 
Suppofe  that  thefe  5  given  Points  are  A,  F,  C,  S  and  E  :  Join  4  of 
them  by  the  Lines  A  F,  F  C,  A  E,  E  S,  and  produce  2  of  thefe  F  C, 
ES,  till  they  meet,  and  by  their  Interfedion  give  the  Point  D.  Suppofe 
infinite  Right  Lines  revolve  about  this  Point  D,  and  the  Points  C  and 
S,  two  of  thofe  that  were  given,  and  let  the  Interfedions  of  the  Line 
revolving  about  D,  with  thofe  that  revolve  about  C  and  S,  be  carried 
over  the  given  Right  Lines  A  E,  A  F  •,  and  the  Interfedion  of thofit 
that  revolve  about  C  and  S  with  each  other,  will,  in  the  mean  Time, 
vdefcribe  a  Conick  Sedion,  that  (hall  pafs  through  the  five  given  Points 
A,  F,  C,  S  and  E. 
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It  is  then  fhewn,  that  when  C,  S  and  D  are  taken  in  the  fame 
Right  Line,  the  Point  P  deferibes  a  Right  Line-,  as  alfo  when  C,  S 
and  A. are  in  the  fame  Right  Line;  which  alfo  follows  from  what  is 
demonftrated  in  that  very  ingenious  Paper  concerning  Pappus’s  Porifms, 
communicated  by  Mr  Sympfon ,  Profeftor  of  Mathematicks  at  Glafgow . 

In  the  next  Place  it  is  fhewn,  that  if  four  Right  Lines  revolve  about 
four  Poles  C,  S,  D,  and  E,  and  thofe  that  revolve  about  D  and  E,  ferve 
only  to  guide  thofe  that  revolve  about  C  and  S  ;  fo  that  Qjmd  R,  the 
Interfedions  of  that  which  revolves  about  D?  with  thofe  that  revolve 
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about  E  and  S,  be  carried  over  the  fixed  Lines  A  B  and  A  F  ;  and  M 
the  Interfedion  of  that  which  revolves  about  E  with  that  which  revolves 
about  C,  be  carried  over  a  third  fixed  Line  B  F,  then  the  Interfedion 
P  of  thofe  that  revolve  about  C  and  S,  will  in  the  mean  time,  defcribe 
a  Conick  Section,  and  not  a  Curve  of  a  higher  Order,  The  Conick 
Sedion  degenerates  into  Right  Lines,  when  CP  and  SP  coincide  at  the 
fame  time  with  the  Line  CS,  that  joins  the  Poles  C  and  $,  as  in 
the  preceding  Defcription;  which  coincides  again  with  what  is  de- 
monftrated  in  the  above  mentioned  ingenious  Paper. 

After  this  it  is  fhewn  generally,  that  thoJ  the  Poles  and  Lines  re¬ 
volving  about  them  be  increafed  to  any  Number,  and  the  fixed  Lines 
over  which  fuch  Interfedions,  as  we  deferibed  in  the  two  laft  Cafes, 
are  fuppofed  to  be  carried,  be  equally  increafed,  the  Locus  of  the 
Point  P  will  never  be  higher  than  a  Conick  Section  :  That  is,  let  a 
Polygon  of  any  number  of  Sides  have  all  ids  Angles,  one  only  excepted, 
carried  over  fixed  Right  Lines,  and  let  each  of  ids  Sides  produced,  pafs 
through  a  given  Point  or  Pole,  and  that  one  Angle  which  we  excepted, 
will  either  defcribe  a  (freight  Line,  or  Conick  Sedion. 

Thus  if  a  hexagonal  Figure  L  QR  P  M  N,  have  all  it’s  Angles  ex-  Fig.  23. 
cepting  P  carried  refpedively  over  the  fixed  Right  Lines  A  a,  B  G  g9 
H  b9  Kk,  the  Point  P  in  the  mean  time  will  defcribe  a  Conick  Sedion, 
or  a  Right  Line.  The  Locus  of  P  is  a  Right  Line  when  C  P  and  S  P 
coincide  together  with  the  Line  CS.  All  thefe  things  are  demon- 
ftrated  geometrically. 

After  this,  Angles  are  fubftituted  in  place  of  Right  Lines  revolving 
about  thefe-  Poles ;  and  it  is  (till  demonstrated  geometrically,  that  the 
Locus  of  P  is  a  Conick  Sedion  or  Right  Line. 

Suppofe  that  there  are  4  Poles  C,  S,  D  and  E,  about  which  the  Fig.  24. 
invariable  Angles  PCQ^  PSR,  RDM,  M  E  Qjevolve ;  and  that 
Qj  M  and  R,  the  Interfedions  of  the  Legs  C  Q^and  E  Qj  of  L  M 
and  D  M,  and  of  DR  and  SR,  are  carried  over  the  fixed  Right  Lines 
A  a9  B  b9  and  G^  refpedively,  then  the  Locus  of  P  is  a  Conick  Sedion, 
when  CP  and  SP  do  not  coincide  at  once  with  the  Line  CS,  but  is  a 
Right  Line  when  C  P  and  S  P  coincide  at  the  fame  time  with  C  S,  and 
never  a  Curve  of  a  higher  Order. 

Having  demonftrated  this  which  feems  a  remarkable  Property  of  the 
Conick  Sedions  or  Lines  of  the  Second  Order  ;  I  proceed  to  fubftitute 
Curve  Lines  in  place  of  Right  Lines  in  thefe  Defcriptions,  (as  I  always 
do  in  the  Treatife  concerning  the  Defcription  of  Lines)  and  to  determine 
the  Dimenfions  of  the  Locus  of  P,  and  to  (hew  how  to  draw  Tangents 
to  it  to  determine  it’s  Afymptotes,  and  other  Properties  of  it.  I  had 
obferved  in  1719,  that  by  inereafing  the  Number  of  Poles  and  Angles 
beyond  two,  the  Dimenfions  of  the  Locus  of  P,  did  not  rile  above  thofe 
of  the  Lines  of  the  Second  Order,  while  the  Interiedions  moved  on 
Right  Lines ;  and  therefore  I  did  not  think  it  of  ufe  to  me  then  to  take 
more  Poles  than  two,  fince  by  taking  more,  the  Defcriptions  became 
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more  complex  without  any  Advantage.  When  the  Interfedions  are 
carried  over  Curve  Lines,  the  Dimenfions  of  the  Locus  of  P  rife  higher, 
but  the  Curves  defer i bed,  have  Punffa  Duplicia ,  or  Multiplicia ,  as  well 
as  when  two  Poles  only  are  aflumed ;  and  therefore  this  Speculation  is 
more  curious  than  ufeful.  However,  I  fhall  fubjoin  fome  of  the  Theo¬ 
rems  that  I  found  on  this  Subject  concerning  the  Dimenfions  of  the 
Locus  of  P,  and  the  drawing  Tangents  to  it. 

1.  If  you  fuppofe  Q^and  R  to  be  carried  over  Curve  Lines  of  the 
Dimenfions  m  and  n  refpedively,  then  the  Point  P  may  deferibe  a 
Locus  of  2  mn  Dimenfions. 

2.  If  you  fuppofe  L,  Q,  R,  M,  N,  to  be  carried  over  Curve  Lines 
of  the  Dimenfions  m9  n9  r,.s9  /,  refpedively,  the  Locus  of  P  may 
arife  to  2  mnrst  Dimenfions,  but  no  higher  ;  and  if  in  place  of  Lines 
revolving  about  the  Poles,  you  ufe  invariable  Angles,  the  Dimenfions  of 
the.  Locus  of  P  will  rife  no  higher. 

3.  I  then  aflumed  three  Poles  C,  D  arid  S,  and  fuppofed  one  of  the 
Angles  S  N  L,  to  have  it’s  angular  Point  N  carried  over  the  Curve  A  N, 
while  the  Leg  N  Q^pafles  alv/ays  through  S,  as  in  the  Defcription  in 
the  Treatife  of  the  General  Defcription  of  Curve  Lines,  while  the 
Angles  QjD  R,  R  C  P,  revolve  about  the  Poles  D  and  C :  I  fuppofe 
alfo  the  Inter  fed  ions  Qjtnd  R  to  be  carried  over  the  Curve  Lines  B  O , 
G  R,  and  that  the  Dimenfions  of  the  the  Curve  Lines  AN,  B  Gr| 
are  m9  «,  r,  refpedively  *,  and  find  that  the  Locus  of  P  may  be  of 
3  m  nr  Dimenfions ;  but  that  the  Point  C  is  fuch,  that  the  Curve  pafles 
through  it  as  often  as  there  are  Units  in  2  nmr* 

4.  If  any  number  of  Poles  are  aflumed,  fo  as  to  have  Angles  revolving 
about  them,  as  about  C  and  D  in  the  laft  Article,  and  the  Interfedions 
are  carried  over  other  Curves,  the  Dimenfions  of  the  Locus  of  P  will 
be-  equal  to  the  triple  Produd  of  the  Number  of  Dimenfions  of  all  the 
Curves  employed  in  the  Defcription. 

5.  If  the  invariable  Angles  P  NR,  PM  Q^,  move  fo  that  while  the 
Sides  P  N,  P  M,  pafs  always  through  the  Poles  C  and  S,  the  ano-ular 
Points  N  and  M  deferibe  the  Curves  A  N  and  B  M  ;  and  at  the  fame 
time,  the  invariable  Angle  RDQ^,  revolve  about  the  third  Pole  D, 
fo  that  the  Interfedions  R  and  (^deferibe  the  Curves  ER  and  Go| 
then  the  Dimenfions  of  the  Locus  of  P,  when  higheft,  fhall  be  equaLto 
the  quadruple  Produd  of  the  Numbers  that  exprefs  the  Dimenfions  of 
the  given  Curves  AN,  ER,  G  Qjmd  B  M,  multiplied  continually 
into  each  other.  If  more  Poles  are  aflumed,  about  which  Angles  be 
fuppofed  to  move,  as  RD  moves  about  D  in  this  Defcription,  and 
the  Interfedions  of  the  Sides  be  ftill  carried  over  Curves,  as  in  this 
Example  ;  the  Dimenfions,  of  the  Locus  of  P,  when  higheft,  fhall 
fhll  be  found  equal  to  the  quadruple  Produd  of  all  the  Numbers  that 
exprefs  the  Dimenfions  of  the  Curves  employed  in  this  Defcription. 

6.  Suppofe  that  the  three  invariable  Angles  P  QTC,  KLR  R  NP 
move  over  the  Curves  G  Q^,  EL,  AN,  fo  that  the  Sides  P  Q^,  K  L,  P  N 
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produced,  pafs  always  through  the  Poles  C,  D,  S,  and  that  the  Inter- 
fedtions  of  their  Sides  K  and  R,  at  the  fame  time  move  over  the  Curves 
F  K  and  B  R  ;  and  the  Dimenfions  of  the  Locus  of  P  when  higheft, 
fhall  be  equal  to  the  Product  of  the  Numbers  that  exprefs  the  Dimenfions 
of  the  given  Curves  multiplyed  by  6.  If  more  Poles,  with  the  neceftary 
Angles  and  Curves,  are  aflumed  betwixt  C  and  D,  as  here  D  is  a  {Turned 
betwixt  C  and  S,  and  the  Motions  be  in  other  refpe&s  like  to  what  they 
are  in  this  Example ;  then  in  order  to  find  the  Dimenfions  of  the  Locus 
of  P  when  higheft,  raife  the  Number  2  to  a  Power  whofe  Index  is  lefs 
than  the  Number  of  Poles  by  a  Unit ;  add  2  to  this  Power,  and  multi¬ 
ply  the  Sum  by  the  Produdl  of  the  Numbers  that  exprefs  the  Dimenfions 
of  the  Curves  employed  in  the  Defcription  ;  and  this  laft  Product  fhall 
fliew  the  Dimenfions  of  the  Locus  of  P  when  higheft. 

I  am  able  to  continue  thefe  Theorems  much  farther :  But  it  is  not 
worth  while,  efpecially  fince  I  find  that  there  is  not  any  confiderabJe 
Advantage  obtained  by  increafing  the  number  of  Poles  above  the  Method 
delivered  in  the  abovementioned  Treatife  of  the  Defcription  of  Curve 
Lines.  On  the  contrary,  the  Defcriptions  there  given  by  means  of  two 
Poles,  will  produce  a.  Locus  of  higher  Dimenfions  by  the  fame  number 
of  Curves  and  Angles,  than  thefe  that  require  three  or  more  Poles ;  and’ 
are  therefore  preferrable,  unlefs  perhaps  in  fome  particular  Cafes. 

However,  I  have  alfo  found  how  to  draw  Tangents  to  the  Curves 
that  arife  in  all  thefe  Defcriptions ;  of  which  I  (hall  give  one  Inftance 
where  3  Right  Lines  are  fuppofed  to  revolve  about  3  Poles,  and  2  of 
their  Interfeclions  are  fuppofed  to  be  carried  over  given  Curve  Lines, 
and  the  third  defcribes  the  Locus  required. 

Let  the  Right  Lines  C  CL,  S  N,  D  N,  revolve  about  the  Poles  C,  S,  D,  Fig. 
where  that  which  revolves  about  D,  ferves  to  guide  the  Motion  of  the 
other  two  *,  it’s  Interfedtion  with  C  moving  over  the  Curve  G 
while  it’s  In terfedlion  with  SN  moves  over  the  Curve  F  N.  Suppofe 
tfiat  the  Right  Line  B  b  touches  the  Curve  GQ^in  Q^,  and  that  the 
Right  Line  A  a  touches  the  Curve  FN  in  N.  In  order  to  draw  a 
Tangent  to  the  Locus  of  P;  join  DC,  DS  and  C S,  and  conftitute 
the  Angle  D  Q_R,  equal  to  C  QB,  fo  that  CLR  lie  the  contrary  way 
from  QJ3  that  QJB  lies  from  QjC,  and  let  QR  meet  D  C  in  R.  Con¬ 
ftitute  alfo  the  Angle  D  N  T,  equal  to  S  N  A  with  the  like  precaution, 
and  let  N T  meet  DS  in  T.  Join  RT,  and  produce  it  till  it  meet  CS 
in  H  ;  then  join  PH,  and  make  the  Angle  C  P  L  equal  to  S  P  FI,  fo 
that  P  L  and  P  H,  may  lie  contrary  ways  from  C  P  and  S  P  *,  and  P  I. 
fhall  be  a  Tangent  at  P,  to  the  Locus  defcribed  by  P,  the  Interfe&ion 
of  C  Qjmd  S  N. 

I  have  alfo  applied  this  Dodlrine  to  the  Defcription  of  Lines  through 
given  Points.  But  I  fuppofe  I  have  faid  enough  at  prefent  on  this 
Subjedt  *,  and  fhall  conclude,  after  obferving  that  in  the  abovementioned 
Treatife,  I  have  given  an  eafy  Theorem  for  calculating  the  Refiftance 
of  the  Medium  when  a  given  Curve  is  defcribed  with  a  given  centripetal 
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Force  in  ^refifting  Medium,  which  I  (hall  here  repeat,  becaufe  it  has 
been  rhifreprefented  in  a  foreign  Journal. 

Let  V  exprefs  the  centripetal  Force  with  which  the  Body  that  is  fup- 
pofed  to  deicribe  the  Curve,  is  aded  on  in  the  Medium  •,  let  v  exprefs 
the  centripetal  Force  with  which  the  fame  Curve  could  be  deferibed  in  a 

Void  *,  fuppofe  z  =2  ~p9  and  the  Refinance  fhall  be  proportional  to  the 

Fluxion  of  z  multiplied  by  the  Fluxion  of  the  Curve,  fuppofing  the 
Area  deferibed  by  a  Ray,  drawn  from  the  Body  to,  the  Center  of  the 
Forces,  to  flow  uniformly.  Let  this  Theorem  be  compared  with  what 
the  celebrated  Mathematician  mentioned  by  that  Journalifl  has  given 
on  the  fame  Subjed,  and  it  will  eafily  appear  what  judgment  is  to  be 
made  of  his  Aflfertion  $  and  fince  feveral  Perfons,  and  particularly  the 
Gentleman  mentioned  above  in  this  Paper,  teftify  that  I  communicated 
to  them  this  Theorem  before  any  Thing  was  publifhed  on  this  Subjedb 
by  the  learned  Mathematician  he  names,  his  Obfervation  on  this  Oc¬ 
ca  (Ion  mud  appear  the  more  groundlefs. 

From  this  Theorem,  I  draw  this  very  general  Corollary,  that  if  the 
Curve  is  fuch  as  could  be  deferibed  in  a  Void  by  a  centripetal  Force, 
varying  according  to  any  Power  of  the  Diflance,  then  the  Denfity  of 
the  Medium  in  any  place,  is  reciprocally  proportional  to  the  Tangent  of 
the  Curve  at  that  place,  bounded  at  one  Extremity  by  the  Point  of 
Contad,  and,  at  the  other,  by  it’s  In  ter  fed  ion  with  a  Perpendicular 
railed  at  the  Center  of  the  Forces  to  the  Ray  drawn  from  that  Center  to 
the  Point  of  Contad.  Let  A  L  be  the  Curve  deferibed  by  a  Force 
direded  to  the  point  S  *,  let  L  T  touch  the  Curve  at  L,  and  raife  S  T 
perpendicular  to  S  L,  meeting  LT  in  T,  and  the  Denfity  in  L  fhall  be 
inverfely  as  LT,  if  the  Refinance  be  fuppofed  to  ©b ferve  the  compound 
Proportion  of  the  Denfity,  and  of  the  Square  of  the  Velocity. 

Befides  what  I  have  obferved  here,  I  propofe  to  iiluftrate  and  improve 
feveral  other  Parts  of  the  Treat  ife  concerning  the  Defer  iption  of  Curve 
Lines  in  this  Supplement. 

That  Treatife  requires  thefe  Additions  and  II lu fixations  the  more, 
that  tho5  the  whole  almofl:  was  new,  it  was  publifhed  in  a  hurry,  when 
I  was  very  young,  before  I  had  time  to  confider  fufficiently  which  were 
the  befl:  ways  of  demonflxating  the  Theorems,  or  refolving  the  Problems, 
for  which  this  Supplement  I  hope,  will  make  fome  Apology. 

3.  About  the  Poles  C,  B,  D,  let  the  Right  Lines  C  f  B  ;/z.  Dr 
be  moved,  and  let  the  Interfedion  of  the  Legs  B  »,  Dr  be  drawn  thro* 
the  given  Right  Line  P  G,  the  Interfedion  of  the  Legs  C  d9  Dr  thro’ 
the  given  Right  Line  P  Q,  and  the  Interfedion  of  the  Legs  C d>  B  d 
will  deferibe  a  Conick  Sedion. 

Draw  ri  parallel  to  the  Right  Line  BD  given  by  Pofition,  and  let 
it  meet  the  Right  Line  B  d  in  t\  join  P  t  and  produce  it  till  it  meets  the 
Right  Line  B  D  in  F  •,  and  you  will  have  the  Point  F.  For  as  the 
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Proportion  is  given  of  ru  to  r/,  which  is  the  fame  as  of  D  G  to  DB, 
becaufe  of  the  fimilar  figures  D m  BG  and  rmtu ,  and  ru  is  to  rt  as 
QG  to  QJ>  the  Proportion  will  alfo  be  given  of  QJF  to  QjS  *,  and  fo 
becaufe  of  the  given  one  QJ3,  QJ?  will  be  given,  and  therefore  the 
Point  F  and  the  Right  Line  P  F.  Since  therefore  B/  and  Cr  cut  off 
the  parts  P/,  Pr,  from  the  Right  Lines  given  by  Pofition  P  F,  P 
their  In  ter  fed  ion  d  will  always  be  in  a  given  Ratio  in  a  Conick  Sedion,  , 
by  Lem .  20.  Lib,  1.  Newt.  Princip . 

If  the  Point  D  be  taken  any  where  in  the  Right  Line  B  F,  and  if 
DG  is  always  to  QG  as  B  D  to  QJF,  the  Conick  Sedion  will  be  the 
fame  that  d  fhall  describe. 

The  Conick  Sedion  paifes  thro’  C,  P,  B,  and  a  by  compleating  the 
Parallelogram-  P  S  a  u.  It  alfo  pages  thro’  L  where  the  Right  Line  B  G 
being  produced  meets  P u9  as  alfo  thro’-K,  where  the  Right  Line  CD 
cuts  the  given  one  P G.  Whence  the  Pentagon  PKCLB  is  inicribed 
on  the  Sedion.  And  if  5  points  C,  K,  P,  B,  L  are  given,  thro*  which 
the  Conick  Sedion  is  to  be  drawn,  or  if  the  Conick  Sedion  is  to  be 
circumfcribed  about  the  given  Pentagon  C  L  B  P  K,  let  any  2  fides  C  K, 

L  B  be  produced  to  their  Interfedion  D,  and  then  let  the  reft  P  L,  P  K 
be  joined,  and  let  the  Interfedions  of  the  Right  Lines  C  d.  Dr,  and  B^/, 

D  R  be  always  drawn  thro’  thofe  Right  Lines  P  L,  P  K,  and  the  Inter¬ 
fedion  d  will  deferibe  the  Sedion. 

About  the  given  Points  F,  C,  G,  S,  as  Poles,  let  the  Right  Lines  F  Q,  ^r0P- 
C  N,  G  Q,  S  L  be  moved,  and  let  the  Interfedions  of  the  Right  Lines 
F  Qjmd  C  N,  F  Qjmd  G  Qj-G  Qand  S  L,  namely  the  Points  M,  Q^,  L, 
always  touch  the  Right  Lines1  given  by  Pofition  A  E,  B  E,  HL,  and 
the  Interfedion  of  the  Right  Lines  C  N,  S  L,  will  deferibe  a  Conick 
Sedion. 

Let  the  Right  Lines  AM,  H  R  meet  B  Q^in  E  and  H.  Let  C F 
and  G  S  be  joined  meeting  each  other  in  D,  let  D  QJae  joined  meeting 
the  Right  Lines  CM,  S  L  in  N  and  R  *,  and  if  E  N  and  H  R  are  joined, 

EN  and  HR  will  be  Right  Lines  given  by  Pofition  by  Lemma  I. 

For  as  the  Points  F,  C,  D  are  in  the  fame  Right  Line,  and  the  Inter¬ 
fedions  of  the  Right  Lines  F M,  CM,  and  F  Qj  D  Q^run  over  the 
given  Right  Lines,  the  Interfedion  of  the  Legs  CM,  D  will  alfo 
touch  the  given  one.  And  for  the  like  Reafon  as  S,  D,  G  are  in  the  fame 
Right  Line.,  the  Interfedion  of  the  Right  Lines  D  Q,  S  L  will  alio  touch 
the  given  one. 

Therefore  omitting  the  Poles  F  and  G,.  the  Curve  is  to  be  found 
which  the  Interfedion,  of  the  Right  Lines  C  N,  S  L,  viz.  P  will  deferibe, 
whilft,  as  the.  Right  Lines  C  N,  D  N,  SR  revolve  about  the  Poles  C,  D,  S, 
the  Interfedion  of  the  Right  Lines  C  N,  DN  touches  the  given  EN, 
and  the  Interfedion  of  the  Right  Lines  SR,  DN  touches  the  given  one 
H  R,  and  that  this  is  a  Conick  Sedion  is  manifeft  from  the  foregoing 
Propofidon. 
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VII.  Having  for  fome  time  paft  been  reading  and  confidering  the  little 
Trearife  of  Sir  I.  Newton  intituled  Enumeratio  Linearum  tertii  Ordinis, 
as  alfo  the  ingenious  Piece  of  Mr  Sterling  called  IUuftratio  traShtus 
Domini  Newtoni  Linearum  tertii  Ordinis  -,  I  ha're  obferved,  that  they 
have  neither  of  them  taken  Notice  of  the  two  following  Species  of  Lines 
of  the  Third  Order  •,  and  venture  to  affirm,  that  the  72  Species  mention¬ 
ed  bv  Sir  Mac,  together  with  the  4  more  of  Mr  Sterling,  and  thefe 
Two  making  in  all  78,  is  the  exaft  Number  of  the  different  Species  of 
the  Lines  of  the  Third  Order,  according  to  what  Sir  Ifaac  has  thought 

fit  to  conRitute  a  different  Species. 

The  two  Species  I  mean,  are  to  be  reckoned  amongft  the  Hyperbolo- 
parabolical  Curves,  having  one  Diameter,  and  one  Alymptote,  at  N  ..  8. 
of  Newton's  Treatife,  or  Page  104.  of  Mr  Sterling's  whofe  Equation 

-\-cx~\-d\  which  will  give,  not  4,  as  in  thefe  Authors, 

but  6  Species  of  thefe  Curves :  For, 

I.  If  the  Equation  bx^  -j-cx  -j-  =  o,  has  two  impoffible  Roots, 

the  Equation  xyy~bxz  -^cx^d,  will  (as  they  fay)  give  two  Hyper¬ 
bolo- parabolical  Figures  equally  diftant  on  each  fide  the  Diameter  AB. 
See  the  57th  Figure  in  Newton's  Treatife,  and  this  is  his  53d  Species, 

and  Sterling's  57th. 

II.  If  the  Equation  bx* —  cx-\-d-o9  has  two  equal  Roots  both 
with  the  Sign  -j-  •,  the  Equation  xyy  ~bxz  —  cx~d ,  will  (as  they  fay) 
give  two  Hyperbolo-parabolical  Curves  eroding  each  other  at  the  Point  r 
in  the  Diameter,  See  Fig.  the  58^  in  Newton ;  and  this  is  his  54^ 
Species,  and  Sterling's  58th. 

III.  But  if  the  Equation  b  x* cx-{-d  =  o,  has  two  poflible  unequal 
negative  Roots  A  P  and  A  r,  the  Curve  given  by  the  Equation  xyy  —  j- 

wili  confift  of  two  Hyperbolo-parabolical  Parts,  as  alfo 
of  an  Oval  on  the  contrary  Side  the  Afymptote  or  principal  Abfcifs. 
And  this  is  one  of  the  Species  omitted  by  Sir  Ifaac  and  Mr  Sterlings 
which  is  really  the  59th  Species. 

IV.  Alfo  if  the  Equation  b  xz  ~j-  cx  -f-d-  o,  has  two  equal  negative 
Roots  A  p  and  A r  •,  the  Curve  given  by  the  Equation  xyy  =  -j gb x-\-ex 
~\~d,  will  confift  of  two  Hyperbolo-parabolical  Parts,  and  alfo  of  a 

Conjugate  Point  on  the  contrary  Side  the  Afymptote  or  principal  Ordi¬ 
nate  :  And  this  is  the  other  Species  of  thefe  Curves  omitted  by  Sir 
Ifaac  and  Mr  Sterling ,  which  is  really  the  60th  Species. 

V.  If  the  Roots  of  the  Equation  bxz — cx-f-d  =  o  are  real,  and 
unequal,  having  both  the  Sign  -j-;  the  Curve  given  by  the  Equa¬ 
tion  xyy  =  b  x 2  —  cx-j-d,  will  (as  they  fay)  confift  of  a  conchoidal 
Hyperbola  and  a  Parabola,  on  the  fame  fide  the  Afymptote  or  principal 
Ordinate.  See  Fig.  the  59th  in  Newton  \  and  this  is  really  the  61ft 
Species. 

VI.  If  the  Roots  of  the  Equation  bx2  fyc  x  —  d~  o,  have  contrary 
Signs,  the  Equation  xyy  =  bxz  -j- cx — d9  will  (as  they  fay)  give  a 

conchoidal 
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conchoidal  Hyperbola  with  a  Parabola  on  the  contrary  Side  the  Afymptote 
or  principal  Ordinate.  See  Fig.  the  60th  in  Newton,  and  this  is  really 
the  62 d  Species. 

VIII.  Many  Attempts  have  been  made  at  different  times,  but,  ifl  The  Solution  0/ 
miftake  not,  never  any  yet  with  tolerable  Succefs,  towards  the  Solution  ^eP’er’3 
of  the  Problem  propofed  by  Kepler:  To  divide  the  Area  of  a  Semi- 
circle  into  given  Parts,  by  a  Line  from  a  given  Point  of  the  Diameter,  jjir  prof' 
in  order  to  find  an  univerfal  Rule  for  the  Motion  of  a  Body  in  an  Elliptic  G  re  flu  w 
Orbit.  For  among  the  feveral  Methods  offered,  fome  are  only  true  in  Secr.R 'S.N®, 
Speculation,  but  are  really  of  no  Service.  Others  are  not  different  from  Tf  ^  sLgs 
his  own,  which  he  judged  improper :  And  as  to  the  reft,  they  are  all  J 
fome  way  or  other  fo  limited  and  confined  to  particular  Conditions  and 
Circumftances,  as  ftill  to  leave  the  Problem  in  general  untouched.  To 
be  more  particular  *  it  is  evident,  that  all  Conftrudfions  by  Mechanical 
Curves  are  feeming  Solutions  only,  but  in  reality  unapplicable  ;  that  the 
Roots  of  infinite  Series’s  are,  upon  account  of  their  known  Limitations  in 
all  refpedts,  fo  far  from  affording  an  Appearance  of  being  fufficient  Rules, 
that  they  cannot  well  be  fuppofed  as  offered  for  any  thing  more  than  Ex* 
ercifes  in  a  Method  of  Calculation.  And  then,  as  to  the  univerfal  Me¬ 
thod,  which  proceeds  by  a  continued  Correction  of  the  Errors  of  a  falfe 
Pofttion,  it  is,  when  duly  confidered,  no  Method  of  Solution  at  all  in 
itfelf*,  becaufe  unlefs  there  be  fome  antecedent  Rule  or  Hypothefis  to 
begin  the  Operation,  (as  fuppofe  that  of  an  uniform  Motion  about  the 
upper  Focus,  for  the  Orbit  of  a  Planet  or  that  of  a  Motion  in  a  Para¬ 
bola  for  the  perihelian  Part  of  the  Orbit  of  a  Comet  *,  or  fome  other  fuch) 
it  would  be  impoflible  to  proceed  one  ftep  in  it.  But  as  no  general  Rule 
has  ever  yet  been  laid  down,  to  aflift  this  Method,  fo  as  to  make  it  al¬ 
ways  operate,  it  is  the  fame  in  Effedt  as  if  there  were  no  Method  at  ail. 

And  accordingly  in  Experience  it  is  found,  that  there  is  no  Rule  now 
fubfifting  but  what  is  abfolutely  ufelefs  in  the  Elliptic  Orbits  of  Comets  ; 
for  in  fuch  Cafes  there  is  no  other  way  to  proceed  but  that  which  was 
ufed  by  Kepler :  To  compute  a  Table  for  fome  part  of  the  Orbit,  and 
therein  examine  if  the  Time  to  which  the  Place  is  required,  will  fall  out 
any* where  in  that  Part.  So  that,  upon  the  whole,  I  think,  it  appears 
evident,  that  this  Problem  (contrary  to  the  received  Opinion)  has  never 
yet  been  advanced  one  Step  towards  it’s  true  Solution  :  A  Confideration 
which  will  furnifh  a  fufficient  Plea  for  meddling  with  a  Subject  io  fre¬ 
quently  handled  *,  efpecially  if  what  is  offered  ftiall  at  the  fame  time  appear 
(as  I  trull  it  will)  to  contribute  towards  fupplying  the  main  Defect. 

The  Tangent  of  an  Arch  being  given,  to  find  the  Tangent  of  it's  Multiple .  Lemma  !• 

Let  r  be  the  Radius  of  the  Circle,  t  the  Tangent  of  a  given  Arch  A, 
and  n  a  given  Number.  And  let  T  be  the  Tangent  oi  the  Multiple 
Arch  n  x  A  to  be  found. 

Then 
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Then  if  ^  be  put  for  —  rr,  and  r  r  for —  1 1 ; 

—  p  :  Which  Binomials 

'71  5 
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The  Tangent  T  will  be 

r  -f  -  t|"  -f 

being  raifed  according  to  Sir  I.  Newton 9s  Rule,  the  fictitious  Quan¬ 
tities  t  and  ^  will  difappear,  and  the  Tangent  T  will  become  equal  to 
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This  Theorem  (which  I  formerly  found  for  the  Quadrature  of  the 
Circle,  at  a  time  when  it  was  not  known  here  to  have  been  invented 
before)  has  now  been  common  for  many  Years  *,  for  which  Reaion  I 
fhall  premife  it,  at  prefent,  without  any  Proof;  only  for  the  fake  oi 
fome  Ufes  that  have  not  yet  been  made  of  it. 

From  this  Theorem  for  the  Tangent,  the  Sine  (fuppofe)  Y,  and 
Cofine  Z  of  the  Multiple  Arch  n  x  A,  may  be  readily  found. 

For  ify  be  the  Sine,  and  2;  the  Cofine  of  the  given  Arch  A,  then 
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Each  of  thefe  may  be  exprefied  differently  in  a  Series,  either  by  the 
Sine  and  Coline  conjointly,  or  by  either  of  them  feparately.  . 

Thus  Y  the  Sine  of  the  multiple  Arch  n  x  A,  may  be  in  either  at 

thefe  two  Forms,  viz . 
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Wherein  the  Letters  A,  B,  C,  &c.  ftand,  as  ufual,  for  the  Coeffi¬ 
cients  of  the  preceding  Terms.  .  .  XT  , 

The  firft  of  thefe  Theorems  terminates  when  n  is  any  integer  IN  umDer, 

the  other  (which  is  Sir  I.  Newton’s,  Rule,  and  is  derived  from  the  former 
by  fubftituting  Jrr—yy  for  z)  terminates  when  n  is  any  odd  Number. 
The  Cofine  Z  may,  in  like  manner,  be  m  either  of  thefe  two 

Forms  viz. 
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The  latter  of  which  terminates  when  the  Number  n  is  even,  and 
the  other  as  before,  when  it  is  any  Integer. 

Hence  the  Sine,  Cofine,  and  Tangent  of  any  Submultiple  PartCW.  z. 

1 

of  an  Arch  (TuppofeJ  —  A,  may  be  determined  thus  : 
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For  thefe  Equations  will  arife  from  the  Tranfpofition  and  Reduction 
of  the  former  for  the  Tangent  and  Sine  of  the  Multiple  Arch,  upon 
the  Subilitution  of  /,  jy,  z  and  A\  for  T9  T,  Z  and  n  x  A. 

Elence  regular  Polygons  of -any  given  Number  of  Sides  may  be  in-  Corol 
fcribed  within,  or  circumfcribed  without,  a  given  Arch  of  a  Circle.  °r° 

For  if  the  Number  n  exprefs  the  double  of  the  Number  of  Sides  to  be 
infcribed  within,  or  circumfcribed  about,  the  given  Arch  A  5  then  one 
of  the  Sides  infcribed  will  be  the  double  of  the  Sine,  and  one  of  the 
Sides  circumfcribed  the  double  of  the  Tangent  of  the  Submultiple 

1 

Part  of  the  Arch,  viz.  — A. 

n 

To  find  the  Length  of  the  Arch  of  a  Circle  within  certain  Limits ,  Lemma  II. 
by  means  of  the  Tangent  and  Sine  of  the  Arch. 

Let  i  be  the  Tangent,  v  the  Sine  and  z  the  Cofine  of  the  Arch  A9 
whofe  Length  is  to  be  determined,  and  let  T,  v  be  expounded  as 
before  ;  then,  if  any  Number  n  be  taken,  the  Arch  of  the  Circle  will 
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For  if,  by  the  preceding  Corollaries ,  a  regular  rectilinear  Polygon 

be  infcribed  within,  and  another  without,  the  Arch  A9  each  having 

half  fo  many  Sides  as"  is  expreffed  by  the  Number  n  *-  then  will  the 
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former  of  thefe  Quantities  be  the  Length  of  the  Bow  of  the  circumfcrib* 
ed  Polygon,  (or  the  Sum  of  all  it’s  Sides)  which  is  always  bigger  and 
the  latter  will  be  the  Length  of  the  Bow  of  the  infcribed  Polygon, 
which  is  always  lels,  than  the  Arch  of  the  Circle ;  how  great  foever 
the  Number  n  be  taken. 

Hence  the  Series’s  for  the  Rectification  of  the  Arch  of  a  Circle  may 

be  derived.  ,  ...  ,  ' 

For  by  converting  the  Binomials  into  the  Form  of  a  Series,  that  the 

fictitious  Quantities,  ^  r,  v  may  be  deftroyed  •,  it  will  appear,  that 
no  Number  n  can  be  taken  fo  large  as  to  make  the  infcribed  Polygon 
fo  big,  or  the  circumfcribed  fo  little  as  the  Series. 
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Wherefore  fince  the  Quantity  denoted  by  the  Sum  of  the  Terms,  in 
'either  of  thefe  Series’s  is  always  bigger  than  any  infcribed  Polygon,  and 
always  lefs  than  any  circumfcribed,  it  muft  therefore  be  equal  to  the 

Arch  of  the  Circle.  .  _ 

If,  in  the  firft  of  the  above  Series’s,  the  Root  \J  rr — yy,  be  extracted 
and  fubftituted  for  z,  there  will  arife  the  other  Series  ol  Sir  I.  Newton, 

7 

V  'J  V  c  t* 

for  giving  the  Arch  from  the  Sine;  namely,  y 


y 3  ,  Ii!  r 

T ~  ^  r 


5  y 


6  r 1  *  4or 


U2  r 


t-  &c-  or  otherwife,  =y  xp  +  xpi 

1-3-5-5 


- j  •  s '  5  +  tfc. 

i. 2. 3. 4. 5. 0.7.  r6 


In  like  manner,  as  the  Arches  of  the  Polygons  ferve  to  determine 
the  Arch  of  the  Circle,  fo  by  comparing  the  Areas  of  the  circumfcribed 
and  infcribed  Polygons,  4  n  r  T  and  i  n  T  Z,  the  Area  of  the  Seftor  of  a 
Circle  may  be  found.  For  if  T,  T  and  Z  are  the  Tangent,  Sine,  and 
Cofine  of  the  Arch  A ■,  then  by  the  fecond  Lemma  the  Area  of  the  cir¬ 


cumfcribed  Polygon  will  be  found  to  be  1  n  r  g  x 


1-  1  — 4 

n  — r— •  7*  — -  T  •  n 


-  J-“  t!  n  -f  T 

—  InrT.  and  the  Area  of  the  infcribed  will  appear  to  be  i n  f  x 


1 


But 
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But  upon  the  Expanfion  of  thefe  Binomials  it  will  appear,  that  no 
Number  n  can  be  taken  fo  large  as  to  make  the  one  fo  big,  or  the  other 


fo  little,  as  the  Area  denoted  by  the  Series,  hr  in/ —  -  -f- 

4  "3  r  r  1 


JL 

7  r 


&c. 


So  that  this  Area  being  larger  than  any  infcribed,  and  fmaller  than 
any  circumfcribed,  Polygon,  muft  be  equal  to  the  Area  of  the  Senior. 

It  may  further  be  obferved,-  that  as  the  Arch  or  Area  is  found  from 
tile  Sine,  Cofine,  or  Tangent  of  the  Arch,  by  means  of  the  limiting 
Polygons,  fo  may  the  Sine,  Cofine,  or  Tangent  be  found  from  the 
Length  of  the  Arch  by  the  fame  Method. 

Thus,  if  A  be  the  Arch  whofe  Tangent  T,  Sine  T \  and  Cofine 
Z,  are  to  be  determined,  then  will  the 

i  A3  f  r  A5 

A  — - x~H . . .  x 


Tangent  T  be 


1.2.3 


&c. 
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For  it  may  be  made  to  appear,  from  the  firfl  Lemma ,  and  it’s  Corollaries , 
that  if  in  any  of  thefe  Theorems,  as  Tuppofe  in  the  Firfl,  the  Quantity 
A  Hand  for  the  Bow  of  the  circumfcribed  Polygon,  then  will  the  Quan¬ 
tity  T*  exhibited  by  the  Theorem,  be  always  bigger  j  but  if  for  the  Bow 
of  the  infcribed,  always  lefs  than  the  Tangent  of  the  Arch,  how  great 
foever  the  Number  n  be  taken  ;  and  consequently,  if  A  Hand  for  the 
Length  of  the  Arch  itfelf,  the  Quantity  T  muft  be  equal  to  the  Tan¬ 
gent  j  and  the  like  may  be  fhewn  for  the  Sine,  and  mutatis  mutandis , 
for  the  Cofine. 

Thefe  Principles,  from  whence  I  have  here  derived  the  Quadrature  of 
the  Circle,  which  is  wanted  in  the  Solution  of  the  Problem  in  hand, 
happen  to  be  upon  another  Account  abfolutely  requifite  for  the  Reduc¬ 
tion  of  it  to  a  manageable  Equation.  But  I  have  inlarged,  more  than 
was  neceftary  to  the  Problem  itfelf,  on  the  Uies  of  this  fort  of  Qua¬ 
drature  by  the  limiting  Polygons,  because  it  is  one  of  that  kind  which 
requires  no  other  Knowledge  but  what  depends  on  the  common  Proper¬ 
ties  of  Number  and  Magnitude  j  and  fo  may  ferve  as  an  Inftance  to 
ftiew  that  no  other  is  requifite  for  the  Eftablifhment  of  Principles  for 
Arithmetick  and  Geometry,  A  Truth,  which  though  certain  in  itfelf, 

may 
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may  perhaps  feem  doubtful  from  the  Nature  and  Tendency  of  the 
prelent  Inquiries  in  Mathematicks.  For  among  the  Moderns  forne 
have  thought  it  neceffary,  for  the  Inveftigation  of  the  Relations  of 
Quantities,  to  have  Recourfe  to  very  hard  Hypothefes  •,  fuch  as  that  of 
Number  infinite  and  indeterminate  *  and  that  of  Magnitudes  in  Statu 
fieri ,  exifling  in  a  potential  Manner,  which  are  ablually  of  no  Bignefs. 
And  others,  whofe  Names  are  truly  to  be  reverenced  on  Account  of 
their  great  and  fingular  Inventions,  have  thought  it  requifite  to  have 
Recourfe  even  to  Principles  foreign  to  Mathematicks,  and  have  intro*- 
duced  the  Confideration  of  efficient  Caufes  and  Phyfical  Powers  for  the 
Frodublion  of  Mathematical  Quantities  •,  and  have  fpoken  of  them, 
and  ufed  them,  as  if  they  were  a  Species  of  Quantities  by  them- 
felves. 


jV.  B.  In  the  following  Propofition  I  have,  for  the  Sake  of  Bre¬ 
vity,  made  ufe  of  a  peculiar  Notation  for  compofite  Numbers  (or  fuch 
Quantities  as  are  analogous  to  them)  whofe  Fablers  are  in  Arithmetical 
Frogreffion. 

The  Quantity  expreffed  by  this  Notation  has  a  double  Index  :  that 
as  the  Head  of  the  Root  at  the  Right-hand,  but  feparated  by  a  Hook 
to  diftinguifh  it  from  the  common  Index,  denotes  the  Number  of 
Fablors  *,  and  that  above,  within  the  Hook  on  the  Left-hand,  denotes 
the  common  Difference  of  the  Fablors  proceeding  in  a  decreafing  or 
increafing  Arithmetical  Frogreffion. 


Thus  the  Quantity  — “ — “  denotes  by  it’s  Index  m  on  the 

Right-hand,  that  it  is  a  compofite  Quantity,  confifting  of  fo  many 
Fablors  as  there  are  Units  in  the  Number  m  ;  and  the  Index  a  above, 
on  the  Left,  denotes  the  common  Difference  of  the  Fablors,  decrea¬ 
fing  in  an  Arithmetical  Frogreffion,  if  it  be  pofitive  *,  or  increafing, 
if  it  be  negative  ;  and  fo  fignifies,  in  the  common  Notation,  the  com¬ 
pofite  Number  or  Quantity,  n  a.  n  f  -  a  - —  n  a  — - *  2  oc, 
n  -j-  a  —  3  a.  and  fo  on. 


For  Example  :  n  b  (6  is  =  n  -j-  5.  n  -j-3.  n  -f-  1.  ft  —  1. 


n 


n  — ■  5,  confifting  of  fix  Fablers  whofe  common  Difference  is  2.  After 

2 


the  fame  Manner 


n-t-4(5 


is  =  n  -j-  4.  n  -j-  2.  n.  n  - —  2.  n  —  4, 


confifting  of  five  Fablors.  According  to  which  Method  it  will  eafily 

2 

appear,  that  if  a  be  any  Integer,  then  will  be 
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=  n  n  —  i.  nn  —  9.  nn  —  25,  continued  to  fuch  a  Number  of 
double  Fa&ors  as  are  exprefifed  by  a  -j-  1,  or  half  the  Index,  which 

in  this  Cafe  is  an  even  Number.  So  n  +  2a^a^'  will  be  equal 

to  n.  n  n  —  4.  n  n  —  16.  n  n  —  36,  and  fo  on,  where  there  are  to 
be  fo  many  double  Fa&ors  as  with  one  fingle  one  (n)  will  make  up 
the  Index  2  a  -j-  1,  which  is  an  odd  Number. 

If  the  common  Difference  be  an  Unit,  it  is  omitted  : 

Thus,  n  (6  is  =  n.  n  —  1.  n  —  2.  n  —  3.  n  —  4.  n  —  5,  contain¬ 
ing  6  Fadlors.  So  6  (6  is  =  6.  5.  4.  3.  2.  1,  and  the  like  for 
others. 

If  the  common  Difference  a  be  nothing,  then  the  Hook  is  omit¬ 
ted,  and  it  becomes  the  fame  with  the  Geometrical  Power  : 

o  • 

So  n  -j-  a  is  =  rT^pim  according  to  the  common  Notation. 

An  Arch  lefs  than  a  Semicircle  being  given ,  with  a  Point  in  the  Pi  a-  Prop*  !• 
meter  faffing  through  one  of  it* s  Extremities  ;  to  find ,  by  means  of 
the  Sine  of  a  given  Part  of  the  Arch  lefs  than  one  half  the  Area 
of  the  Settlor  fub tended  by  the  given  Arch ,  and  comprehended  in  the 
Angle  made  at  the  given  Point. 

Let  P  N  A  be  a  Semicircle  defcribed  on  the  Centre  C,  and  Dia¬ 
meter  A  P,  and  let  P  N  be  the  given  Arch  lefs  than  a  Semicircle^ 
and  S  the  given  Point  in  the  Diameter  A  P  pafiing  through  one  of 
the  Extremities  of  the  Arch  N  P  in  P.  Then  taking  any  Number  n 
bigger  than  2,  let  P  K  be  an  Arch  in  Proportion  to  the  given  Arch 
P  N,  as  Unity  to  the  Number  n  *,  and  let  it  be  required  to  find  by 
means  of  the  Sine  of  the  Arch  P  K,  the  Area  of  the  Sector  NS  P' 
fubtended  by  the  given  Arch  N  P,  and  comprehended  in  the  Angle 
N  S  P  made  at  the  given  Point  S. 

From  N  and  K  let  fall,  on  the  Diameter  A  P  the  Perpendiculars 
N  M  and  K  L,  and  join  C  N  and  C  K. 

Then  let  t  {land  for  C  P  the  Semidiameter  of  the  Circle  ;  /for  CS, 
the  Diftance  of  the  given  Point  S  from  the  Center  ;  p  for  S  P  the  Di- 
fiance  of  it  from  the  Extremity  of  the  Arch  through  which  the  Dia¬ 
meter  A  P  paffes  i  and  y  for  K  L  the  Sine  of  the  Arch  K  P  in  the 
given  Circle. 

Thefe  Subftitutions  being  prefuppofed,  the  Problem  is  to  be  divid¬ 
ed  into  two  Cafes  *,  one  when  S  P  is  lefs,  and  the  other  when  it  is 
greater  than  the  Semidiameter  C  P. 

If  S  P  be  lefs  than  CP,  then  take  an  Area  H  equal  to  the  Sum  of  Cafe  2, 
the  Rectangles  expreffed  by  the  feveral  Terms  of  the  following  Series 
continued  ad  libitum  : 

V'\  $y 
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py  1 
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9  x  25  /  ~r »  +  5\;  x/  )7  .  c ,  A  ,  ,  A  1 

,  _ £ —  ‘ - ‘ — ! — —  x  —  4-  &c.  And  the  Area  — 

f  7|7  /6  2 

-  x  H  will  determine  the  Area  of  the  Sector  N  S  P  ad  libitum . 

For  the  Sedor  P  S  N,  being  the  Excefs  of  the  Sedor  N  C  P  above 
the  Triangle  N  C  S,  will  be  the  Difference  of  two  Redangles : 

JL  C  P  x  P  N - -CSxNM;  but  P  N  is  the  Multiple  of  the 

Arch  P  K,  namely  nPK;  and  N  M  is  the  Sine  of  that  multiple 
Arch  •  Wherefore  if  for  C  P  be  put  /,  for  C  S,  /,  according  to  the 

-  '*  ■  _9 

r 


y  i  )3 

Suppofition  •,  and  if  for  P  K  be  fubftituted  :  —  -f— * 

)5  t  9x25  )7 

X  —  ”P 
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x  - —  -p  by  Cor.  2.  Lem.  2  ;  and  for  N  M : 


7 17  ‘6 
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n.  3I4  )s  n.  n  $\6  )t 


x  *— - 3 —  x  ■ — j~  £s?  c, 

X  iV  •  5ls  '+  fl7  /6 

according  to  Cor.  1.  Lem.  1.  the  Area  of  the  Seftor  will  appear  in  a 
Series,  as  is  above  determined. 

But  fince  the  Number  n  is  greater  than  2,  and  the  given  Arch  P  N 
is  lefs  than  a  Semicircle,  and  confequently  K  L  or  7,  the  Sine  of  the 
Submultiple  Arch  P  K,  is  lefs  than  the  Semidiameter  CP  or  t  \  it 
may  thence  be  eafily  proved,  that  the  Series  will  approximate  to  the 
iuft  Quantity  of  the  Area,  ad  libitum , 

9  h 


Hence,  if  the  Number  n  be  taken  equal  to  ^  5  -j-  J 25  -f 


f 


the  Sedor  N  S  P  will  be  ~  —  npy 


n 5  /  —  71.  n  n  —  1.  p 
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For  the  Numerator  of  the  Coefficient  of  the  third  Term  in  the 

Series,  that  determines  the  Area  H,  namely,  9  t  —  n  -j-  3V*  x  / 
is  equal  to  9  t  —  nn—  1.  nn  —  9./,  which  according  to  the  above 
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Determination  of  the  Number  will  become  nothing  ;  wherefore, 
if  for  t  — p  be  put/  in  the  fecond  Term,  and  the  Value  of  n  be  fubfti- 
tuted  for  n  in  the  Third  and  Fourth,  the  Series  for  the  Area  will  appear 
upon  Reduction  to  be  as  is  here  laid  down. 

Hence  the  Area  of  the  Senior  N  S  P  may  be  always  defined  nearly  by  Corol.  2, 
the  Terms  of  a  Cubic  Equation. 

For  the  Number  n>  as  conftruded  in  the  former  Corollary ,  is  always 
greater  than  the  fquare  Root  of  10,  and  confequently  y  is  always  leis 
than  the  Sine  of  one  third  Part  of  the  given  Arch;  fo  that  the  fourth 


n 


y 7,  with  the  Sum  of  all  the  following  Terms  of  the  Series, 


Term  , 

1 120F 

can  never  be  more  than  a  fmall  Part  of  the  whole  Sedor. 

If  R  ftand  for  57,2957795,  Degrees,  (or  the  Number  of  Corot.  3. 

Degrees  contained  in  an  Angle  fubtended  by  an  Arch  of  the  fame 
Length  with  the  Radius  of  the  Circle)  and  M  be  the  Number  of 
Degrees  in  an  Angle  which  is  to  4  right  Angles,  as  the  Area  N  S  P  to 

tl  p  R  y 

the  Area  of  the  whole  Circle ;  then  will  M  be  =  —  x  -7- 

t  t 

n  .nn  —  1  ,p 


rt- 


n' t 


6  t 
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Rf 


nearly. 


M  tt 


For  x  y  will  appear  by  the  Conftrudion  to  be  equal  to  the 
Sedor  N  S  P. 

If  S  P  be  greater  than  C  P,  then  take  an  Area  H  equal  to  CASE  II. 


the  Sum  of  the  Terms  in  the  following  Series :  —  — — 

.  3 

[6 


e,.  and 

the  Area  i  n  x  FT,  will  be  the  Sedor,  as  before. 

'  For  the  Point  S  being  on  the  contrary  Side  of  the  Centre  to  what 
it  was  before,  it  will  eafily  appear,  that  the  Change  of-]-/into — '/» 
muft  reduce  one  Cafe  to  the  other,  without  any  other  Proof. 
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Hence,  if  the  Number  n  be  taken  equal  to  s!  or  in  this  Corollary 


rz 


Cafe/—,  then  the  Series  for  the  Sedor  will  want  the  fecond  Term;, 

/ 

as  in  the  farmer  it  wanted  the  Third., 
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tfhe  Solution  of  Kepler’ s  Problem. 

The  Angle  called  by  Kepler  the  Anomalia  Eccentric  is  a  fi&itious 
Angle  in  the  Elliptic  Orbit  of  a  Planet,  being  analogous  to  the  Area 
defcribed  by  a  Line  from  the  Centre  of  the  Orbit,  and  revolving  with 
vthe  Planet  from  the  Line  of  Apfides ;  in  like  manner  as  the  Mean 
Anomaly  is  a  fi&itious  Angle,  analogous  to  the  Area  defcribed  by 
a  Line  from  the  Focus.  7 

Ocherwife,  if  C  be  the  Centre,  S  the  Focus  of  an  Elliptic  Orbit 
defcribed  on  the  tranfverfe  Axis  A  P,  and  the  Area  NSP  in  the 
Circle  be  taken  in  Proportion  to  the  whole,  as  the  Area  defcribed  in 
the  Ellipfis  about  the  Focus,  to  the  whole  :  Then  is  the  Arch  of  the 
Circle  P  N,  or  the  Angle  NCP,  that  which  Kepler  calls  the  Anomalia 
Eccentri.  :  -  -  ■  ■  :  '  '  . 

This  Angle  may  be  meafured  either  from  the  Aphelion ,  or  from 
the  Perihelion  *,  in  the  following  Proportion  it  is  fuppofeu  to  be  taken 
from  the  Perihelion . 

'  .1  '  *  -  -  .  .  .  "  -  •  • .  • 

Ehe  mean  Anomaly  of  a  Comet  or  Planet  revolving  in  a  given  Elliptic 
Orbit  being  given  to  find  the  Anomalia  Eccentri. 
v  ,  ,  .  -  ,  .?  t  ,  ■  ,  \  .  "  ■* 

The  Solution  of  this  Problem  requires  two  different  Rules  *,  the 
firft  and  principal  one  ferves  to  make  a  Beginning  fora  further  Approxi¬ 
mation,  and  the  other  is  for  the  ProgrefUon  in  approximating  nearer 
and  nearer  ad  libitum . 

I.  The  Rule  for  the  firft  Affumption  :  Let  /,  /,  and  y>,  ftand  as  before, 
for  the  Semi-tranfverfe  Axis  of  the  Ellipfis,  the  Semi-diftance  of  the 
Foci,  and  the  Perihelian  Diftance  *,  then  taking  the  Number  n  equal 

2  t 

;  let  T  ftand  for  . . .  ;  and  P  for 

nnt  —  n  n  — -  i  .p 

2  P 

— - — —  (orT  T)  ;  which  conftant  Numbers,  being  once 

nnt  —  n  n  —  i  .  p  t 

computed  for  the  given  Orbit,  will  ferve  to  find  the  Angle  required 
nearly  by  the  following  Rule. 

Let  M  be  the  Number  of  Degrees  in  the  Angle  of  mean  Anomaly 
to  the  given  Time,  reckoned  from  or  to  the  Perihelion  ;  and  fuppofing 
R ,  as  before,  to  ftand  for  57,2957,  &c.  Degrees*,  take  the  Number 

rrr?  .  v  ,  -  3 g 

JV=  ~  M,  and  let^fbe  the  Angle  whofe  Sine  is  ]VY  — 
nR  2 

3/7 

nearly  equal  to  the  Anomalia  Eccentri . 

The  Truth  of  which  will  appear  from  the  Refolution  of  the  Cubic 
Equation  in  the  laft  Corollary  t-o  the  preceding  Propofition. 

n.iT  L  1A  ■  I  ~  <7.  TTT^T  7  0  7  _ 
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- j-  ;  then  the  Multiple  Angle  n  x  A  will  be 


/  f  /  ~Yp 
tov^  5  +  ^  25“f-y- 


The  Solution  of  Kepler’ j  Problem, 
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If  the  Quadruple  of  the  Quantity  be  many  times  greater  or  many  CW. 

times  lefs  than  Unity;  or,  which  amounts  to  the  fame,  if  the  mean 
Anomaly  M,  be  many  times  lefs,  or  many  times  greater,  than  the 

2  ftp 

Angle  denoted  by  the  given  Quantity  — -  Rf  P  (one  or  the  other  of 

3  t 

which  two  Cafes  moil  frequently  happens  in  Orbits  of  very  large 
Eccentricity)  then  the  Theorem  will  be  reduced  to  a  fimpler  Form 
near  enough  for  Ufe. 


e  i. 


If  M  be  many  times  lefs  than  — ~  RsJ  P,  then  the  Angle  A  may  Cafe 

3 ( 

be  taken  for  that  whofe  Sine  is  -----  • 

npx  R 

•  2  fi  f) 

If  M  be  many  times  greater  than  — -  R  s/  P,  then  let  A  be  the  Cafe  XL 

3f  ' 

p 

Angle  whofe  Sine  is  N —  ;  and  the  Multiple  Angle  nxA,  accord¬ 

ing  to  it’s  Cafe,  will  be  nearly  equal  to  the  Angle  required. 

In  Orbits  of  very  large  Eccentricity,  the  Perihelian  Pittance  p  is  Carol,  t, 
many  times  lefs  than  the  Semi-diftance  of  the  Foci/,  and  the  Number 

S'  /  q  fi  m  - 

n  =V  5  v'  2 5 '-j-  -y ;  is  always  nearly  equal  to  ^  io  or  to  the  Integer 

3,  either  of  which  may  be  ufed  for  it  without  any  material  Error  in  the 
Orbits  of  Comets. 


II.  The  Rule  for  a  further  Correction  ad  libitum. 


Let  M  be  the  given  mean  Anomaly ,  t  the  Semi-tranfverfe  Axis,  as 
before ;  and  let  B  be  equal  to  or  nearly  equal  to  the  Multiple  Angle  n  x  A 
before  found,  then  if  ^  be  the  mean  Anomaly ,  and  x  the  Planet’s 
Pittance  from  the  Sun,  computed  to  the  Anomalia  Eccentri  B  *,  the 

i  t  - 

Angle  B  taken  equal  to  B  -j - xM — will  approach  nearer  to  the 

x 

true  Value  of  the  Angle  fought;  and  by  Repetitions  of  the  fame 
Operation,  the  Approximation  may  be  carried  on  nearer  and  nearer, 
ad  libitum. 

This  laft  Rule  being  obvious,  the  Explication  of  it  may  be 
omitted  at  prefent. 

In  this  Solution,  where  the  Motion  is  reckoned  from  the  Perihelion ,  Scholium, 
the  Rule  is  univerfal,  and  under  no  Limitation,  but  had  the  Motion 
been  taken  from  the  Aphelion ,  the  Problem  mutt  have  been  divided 

M  2  into 
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into  two  Cafes:  One  is,  when  the  Eccentricity  is  lefs  than  the 
other  is,  when  it  is  not  lefs,  but  is  either  equal  to,  or  more  than  in 

that  Proportion.  •  / 

If  the  Eccentricity  be  not  lefs  than  then  the  fame  Rule  will  hold, 
as  before,  only  putting  the  Aphelian  Diftance,  fuppofe  ( a )  inftead  of 
the  Perihelian  Diftance  (/>),  and  fubftituting — /for-}-/ in  the  Rule 
for  the  Number  n. 

If  the  Eccentricity  be  lefs  than  then  take  the  Number  n  equal 

to  J  —  ?  and  —  x  will  be  nearly  equal  to  the  Sine  of  the  Submultiple 
/  na  R  J  n 

Part  of  the  Anomalia  Eccentri  denominated  by  the  Number  n,  as  before. 

It  is  needlefs  to  obferve,  that  the  like  Rules  would  obtain  in  Hyper¬ 
bolic  Orbits,  mutatis  mutandis .  But  that  which  perhaps  may  not 
appear  unworthy  of  being  remarked,  concerning  this  fort  of  Solution 
from  the  Cubic  Root,  is,  that  although  the  Rule  be  altogether  im- 
poflfibJe,  upon  a  total  Change  of  the  Figure  of  the  Orbit  either  into  a 
Circle,  or  into  a  Parabola  •,  yet  it  will  operate  fo  much  better,  and 
Hand  in  need  of  lefs  Corre&ion,  according  as  the  Figure  advances 
nearer  in  ids  Change  towards  either  of  thofe  two  Forms. 

That  the  Ufe  of  the  Method  may  better  appear,  it  may  not  be  amifs 
to  add  a  few  Examples. 

I  have  given  two  for  the  Orbits  of  Planets,  one  the  moft,  and  the 

other  the  leaft  Eccentric ;  but  which  are  more  to  ftiew  the  Extent  of 

the  Rule,  than  to  recommend  the  Ufe  of  it  in  fuch  Cafes ;  for  there 

are  many  other  much  better  and  more  expeditious  Methods  in  Orbits 

of  fmall  Eccentricity.  The  other  two  Examples  are  adapted  to  the 

Orbits  of  two  Comets,  whofe  Periods  have  been  already  difeovered 

by  Dr  Halley,  the  one  is  to  ftiew  the  Ufe  of  one  of  the  Rules  in  the 

firft  Corollary ,  and  the  other  is  to  explain  the  Ufe  of  the  other  Rule. 

If  an  Unit  be  put  for  the  Semi-tranfverfe  Axis  (/),  the  Eccentricity 

0,20589  will  become  (/),  and  the  Perihelian  Diftance  ( p )  will  be 

0,79411  ;  wherefore  by  means  of  the  Number  R  given  as  before,  the 

conftant  Numbers  for  this  Orbit  will  appear  to  be,  n  =  3, 5^755» 

p  3  T 

0,5857271,  P  =  yr=o, 4651319,  and  hence  ^-^=0,0085965. 

Suppofe  M  the  mean  Anomaly  from  the  Perihelion  to  be  120°.  00 1 
00^,  to  which  it  is  required  to  find  the  Anomalia.  Eccentri . 

Here,  fince  the  mean  Anomaly  M  is  not  many  times  more  than  the 

f  •  - 

2  up 

limiting  Angle  - -  RsJ  P,  (which  in  this  Orbit  is  about  74  De- 

3  t 

grees)  Recourfe  muft  be  had  to  the  general  Rule  in  the  Propofition. 


The 
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3  3  T 

The  Number  N  then,  which  is  V  — r  M  will  be  =  1,0104195  5 


n  R 


3/1  fi  ,  p5 

which  found  gives  N  V  —  -j-  s/ —  ~p  Jf* 

2  4 


1,0389090  5  and  alfo 


3 

Ns/ 


/ 


i  P3 

Sf  ' -  6  =  -  0,4477126.  Wherefore  the  Sum  of 

4 


2  4  *  N6 

both  (under  their  proper  Signs)  viz.  0,5911964  will  be  the  Sine  whofe 
Arch  36°, 241 95  is  the  Angle  A\  the  Multiple  whereof  n  x  A  = 
1 290, 295503,  will  be  the  Angle  to  be  firft  affumed  for  the  Anomalia 
Eccentri. 

For  a  further  Correction  5  this  Angle,  now  called  R,  whofe  Sine  is 

/ 

fuppofe^,  and  it’s  Cofine  2,  gives,  by  a  known  Rule,  t  -J-  —  z  — 
1,1304  for  x  the  Planet’s  Diftance  from  the  Sun  ;  and  by  another 
known  Rule  B —  ^  i  2o0,i 6568  for^,  the  mean  Anomaly  to  the 
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Anomalia  Eccentri  B.  Wherefore  the  correct  Angle  B  ~  B  - f-  — 

x  M —  [a  will  be  1290, 14846  =  1290.  087  54/f,5,  erring,  as  will  ap¬ 
pear  from  a  further  Correction,  about  -h  of  a  Second. 

This  Angle  being  thus  determined,  will  give  by  the  common  Me¬ 
thods  1 37°.  48b  33^  i,  for  the  true  Anomaly,  or  Angle  at  the  Sun  : 

The  Sine  of  the  true  Anomaly  being  in  Proportion  to  the  Sine  of  the  A- 
nomalia  Eccentri ,  as  the  Semi-conjugate  Axis  to  the  Planet’s  Diftance 
from  the  Sun.  So  that  the  Equation  of  the  Center  in  this  Example 
is  1 70.  48  K  33/ 1  £. 

Suppofing,,  as  before,  the  mean  Diftance  t  to  be  Unity,  and  the  Example 
Eccentricity  /  to  be  0,0069855  ;  the  conflant  Numbers  for  this  Orbit  u. 

Will  be,  p  =  0,99301155  n  =  6,4116  5  T  =  1,5621345  F  =  For the  Qrbii 

2. u  p  °f  Venus* 

0,1551217;  ^  =  0,0127571  ;  and  the  limiting  Angle 

R  y/  P,  will  appear  to  be  about  303  Degrees. 

Let  M  be  120°.  00'.  ooft9  as  in  the  former  Example.  Then,  Example 
fince  the  mean  Anomaly  is,  in  this  Cafe,  not  many  times  lefs  than  the 
limiting  Angle,  the  general  Rule  muft'be  ufed  as  before  ;  according 
to  which  the  Number  N  will  appear  to  be  1,152585  ;  the  Sine  of  A 
will  be  0,321791 7;  the  Angle  A ,  180, 77132  ;  and  the  Multiple 
n  x  A,  or  Angle  B  *,  for  the  firft  Affumption  of  the  Anomalia  Eccen¬ 
tri  will  be  1 20^,354 16„ 


9. 


This 


I 
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This  Angle  B  will  give,  by  the  Method  before  explained,  the  Angle 

l  -  —  '  ,,  - 

B-  120°, 34555,  or  120°.  21b  44,f  fere ,  for  the  Anomalia  Eccentri 
correct  ;  the  Error  of  which  will  appear,  upon  Examination,  to  be  but 
a  i mall  Part  of  a  Second. 

In  this  Example  the  true  Anomaly  is  120°.  41^  25^,1  5  and  con- 


1. 


iequently  the  Equation  of  the  Center  no  more  than  41b  25  . 

To  know  the  mean  Anomaly  of  this  Comet  to  any  given  Time,  it  is 
to  be  premifed,  that  it  was  at  the  Perihelion  in  the  Year  1682,  on  the 
4th  Day  of  September ,  at  21  Ho.  22  Min.  equated  Time  to  the  Meri¬ 
dian  of  Greenwich ,  and  makes  it’s  Revolution  about  the  Sun,  as  Dr 
Halley  has  difcovered,  in  75  i  Years. 

The  Perihelian  Diftance  p  is,  according  to  his  Determination, 
0,0326085  Parts  of  the  mean  Diftance  t.  So  that  the  conftant  Num¬ 
bers  for  the  Orbit  will  be,  #  —  3,1676061  >  T  =  0,2054272  ; 

2  np 

P  =  0,00669867  *,  and  the  limiting  Angle  f  R  s/  P  will  be 

about  19  Minutes  or  j  of  a  Degree, 

In  the  Orbits  of  Comets,  the  Rule  for  the  firft  Aflfumption  of  the 
Anomalia  Eccentri  is  generally  fufficient  without  Corredlion.  . 

Thus,  fuppofe  the  mean  Anomaly  M.  to  be  0,072706,  (as  it  was  at 
the  Time  of  an  Obfervation  made  at  Greenwich  on  the  30th  of  Auguft 
1682,  at  7h  42b  2Eq.  T.)  then  the  general  Rule  (which  muft  be  here 
tifed,  fince  the  Angie  of  mean  Anomaly  is  not  above  4  or  5  Times  lefs 
than  the  limiting  Angle)  will  give  n  x  A  or  i?  —  20.  12b  48^,7, 
erring  about  to  of  a  Second  from  the  true  Anomalia  Eccentri. 

But  in  thefe  Orbits  the  Rules  in  the  firft  Corollary  to  the  fecond  Pro- 
pofition  moft  frequently  take  Place,  efpecially  the  laft  ;  and  the  Cal¬ 
culation  may  alfo  be  further  abbreviated,  by  putting  the  fquare  Root  of 
10,  or  the  Integer  3,  for  the  Number  n. 

Suppofe  the  mean  Anomaly  to  be  o°,oo65l2,  or  23^,4792  :  Here, 
fince  M  is  50  Times  lefs  than  the  limiting  Angle,  the  Rule  in  the  firft 
Cafe  of  the  firft  Corollary  may  be  ufed  ;  that  is,  to  take  the  Sine  of  the 
t  x  M 

AnSle  A  ~  7J7R'  - 

Wherefore,  if  the  Number  3  be  put  for  n ,  the  Sine  of  A ,  which 
/  M 

will  be  =  0,001 16367  s  and  confequently  the  Angle  A  will 


is 


3  p  R 


be  4*.  00^  01 1  j  and  the  multiple  Angle  n  x  A  to  be  aflumed  for  the 
Anomalia  Eccentri  will  be  12  b  00^,033,  the  Error  of  which  will  be 


found  to  be  about  ~  of  a  Second. 


Example 

IV. 

For  tbt  Orbit 


This  Comet,  according  to  Dr  Halley ,  performs  it’s  Period  in  575 

Years  ♦,  and  was  in  it’s  Perihelion  on  the  7th  of  December  1680,  at 

‘  23 
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2  3  Hours  09  ^  Alq.  T.  at  London*,  the  Perhelian  Diftance  p  is  of  the  great 
0,000089301,  in  Parts  of  the  mean  Diftance  /  ;  Wherefore  fuppofing  Comet  of  the 

the  Number  n  to  be  C 10,  the  condant  Numbers  for  the  Orbit  will  Ttar 

be  *  —  0,2000161  ;  P  =  0,000017862,  and  the  limiting  Angle 
2  n  ps  »  e? 

"T7“  R  <1  P  will  be  about  \  of  a  Second. 

Suppofe  the  mean  Anomaly  to  be  3',  31^4478  or  o°, 05873541,  (as  Example, 
tt  was  at  the  Time  of  the  firft  Obfervation  made  on  it  in  Saxony  on 
November  the  3d,  at  16^  4 7/  JEq.  T.  at  London.)  here,  fince  the 
mean  Anomaly  is  many  times  greater  than  J  of  a  Second,  the  Rule  in 
the  fecond  Cafe  of  the  firft  Corollary  may  be  ufed  ;  that  is,  by  taking 

the  Sine  of  A  =  N — pf'  .  A 

3.  0  T  p 

But  the  Number  N  or  f  ~ is  =0,05794134  ;  and  jf  will  be 

-0,0030827  ;  wherefore  (N  —  jf  =)  0,05763307,  will  be  the 

Sine  whofe  Arch  3°,3o^gy  is  the  Angle  A ;  and  the  multiple  Angle 

?  X  l  "VX0°’  26/*  53//’  °5,  wil1  be  the  An§le  to  be  firft  affumed 
tor  the  Anomalia  Eccentri  ;  the  Error  of  which  will  be  found  to  be 
lefs  than  a  Second. 

The  true  Anomaly ,  computed  from  this  Angle  according  to  the 
Rule  m  the  Example  for  Mercury,  will  appear  to  be  1710.  2±1f 

from  the  Perihelion .  0  *  * 

By  thefe  Examples  it  appears,  that  the  Solution  is  univerfal  in  all 
Refpects  ;  for  the  two  firft,  compared  with  the  two  laft,  ferve  to  lhew 
that  it  is  not  confined  to  any  particular  Parts  of  the  Orbit,  but  ex¬ 
tends  to  all  Degrees  of  mean  Anomaly  :  And  by  comparing  the  fecond 
with  the  laft,  it  fufficiently  appears  to  be  univerfal  with  refpetft  to  the  fe¬ 
deral  Degrees  of  Eccentricity  ;  fince  in  one  the  Equation  of  the  Center 
for  the  Reduction  of  the  Mean  to  the  true  Motion  is  not  fo  much  as 
tbe  TTo^i  Part  of  the  whole  ;  whereas  in  the  other  it  amounts  to  ah 
molt  3000  times  as  much  as  the  mean  Motion  irfcjf. 

Upon  reviewing  the  Refle&ions  on  the  Quadrature  of  the  Circle  in  Poftfcript, 
Page  77,  I  believe  it  may  be  neceffary  for  me  to  prevent  any  Mi¬ 
ti1^  that  may  arife  from  the  different  Opinions  that  obtain  about  the 
Nature  or  Mathematical  Quantity,  to  explain  myfelf  a  little  upon  that 
flead  *,  as  alio  to  add  a  lew  Words  to  fhew  how  the  Method  of  Qua- 

drature  by  limiting  Polygons,  takes  Place  in  other  Figures  as  well  as 
the  Circle. 

I  take  then  a  Mathematical  Quantity,  and  that  for  which  any  Sym¬ 
bol  is  put,  to  be  nothing  elfe  but  Number  with  Regard  to  fome  Mea- 
ure  w  ich  is  confidered  as  one.  For  we  cannot  know  precifely  and 

deter- 
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determinate^  that  is,  mathematically,  how  much  any  thing  is,  but  by 
means  of  Number.  The. Notion  of  continued  Quantity,  without  re- 
o-ard  to  any  Meafure,  is  indiftind  and  confufed  •,  and  although  fome 
Species  of  fuch  Quantity,  confidered  phy  Really,  maybe  delcnbed  by 
Motion,  as  Lines  by  Points,  and  Surfaces  by  Lines,  and  fo  on  •,  yet 
the  Magnitudes  or  Mathematical  Quantities  are  not  made  by  that  Mo¬ 
tion,  but  by  numbering  according  to  a  Meafure. 

Accordingly,  all  the  feverai  Notations  that  are  found  neceffary  to 
exprefs  the  Formations  of  Quantities,  do  refer  to  fome  Office  or  Pro¬ 
perty  of  Number  or  Meafure  *,  but  none  can  be  interpreted  to  fignify 

continued  Quantity  as  fuch.  _  . 

Thus  fome  Notations  are  found  requifite  to  exprefs  Number  in  it  s 
ordinal  Capacity  or  the  Numerus  Numerans ,  as  when  one  follows  or 
precedes  another,  in  the  fir  ft,  fecond,  or  third  Place  from  that  upon 

which  it  depends  ;  as  the  Quantities  xy  x,  x,  x ,  x,  referring  to  tne 
principal  one  x. 

So,  in  many  Cafes,  a  Notation  is  found  neceffary  to  be  given  to  a 
Meafure  as  a  Meafure  ;  as  for  Inftance,  Sir  I.  Newton’s  Symbol  for  a 

Fluxion  x  ;  for  this  ftands  for  a  Meafure  of  fome  Kind,  and  according¬ 
ly  he  ufually  puts  an  Unit  for  it,  if  it  be  the  principal  one  upon  which 

the  reft  depend.  '  T  .  .  .  r 

So  fome  Notations  are  exprefdy  to  fhew  a  Number  in  the  form  of  it  s 

Compofition,  as  the  Index  to  the  Geometrical  Power  *n  denoting  the 
Number  of  equal  Fadors  which  go  to  the  Compofition  of  it,  or  what 
is  analogous  to  fuch. 

But  that  there  is  no  Symbol  or  Notation  but  what  refers  to  diicreet 
Quantity,  is  manifeft  from  the  Operations,  which  are  all  Arithme¬ 
tical.  .  _ 

And  hence  it  is,  there  are  fo  many  Species  of  Mathematical  Quan¬ 
tity  as  there  are  Forms  of  compofite  Numbers,  or  Ways  in  the  Com¬ 
pofition  of  them  ;  among  which  there  are  two  more  eminent  for  their 
Simplicity  and  Univerfality  than  the  reft  :  One  is  the  Geometrical 
Power  formed  from  a  conflant  Root  ;  and  the  other,  though  well 
known,  yet  wanting  a  Name  as  well  as  a  Notation,  may  be 
called  the  Arithmetical  Power  *,  or  the  Power  of  a  Root  uniformly  in- 
creafing  or  diminifhing,  and  is  that  whofe  Notation  is  deftgned  in 
Page  78  :  The  one  is  only  for  the  Form  of  the  Quantity  itfelf,  the 
other  is  for  the  Conftitution  of  it  from  it’s  Elements. 

Now  from  the  Properties  of  either  of  thefe  it  would  be  eafy  to  fhew 
how  the  Quadratures  of  fimple  Figures  are  deducible  from  the  Areas 
of  their  limiting  Polygons.  I  fhall  juft  point  out  the  Method  from  the 
Arithmetical  Power,  as  being  the  fhorteft  and  readied  at  Hand. 

Let  z,  z ,  £,  See.  or  z,  z ,  2,  &c.  be  Quantities  in  Arithmetical 

Progreffion,  diminifhing  or  increafing  by  the  common  Diffe¬ 
rence 


The  Solution  of  Kepler’j  Problem. 
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rence  2,  and  let,  as  before  explained,  2(?"fignify  the  Arithmetical  Power 


of 2?,  denominated  by  the  potential  Index  m ,  namely,  2x2x2,  &c. 
whofe  firft  Root  is  z  and  laft  z  —  m  — •  1  x  z  j  which  being  fuppofed, 

hn. —  1 

the  Element  of  the  Arithmetical  Power  will  be  m  z  X  z  that  is,  the 
Produft  made  from  the  Multiplication  of  the  two  Indices,  and  the  next 
inferior  Power  of  the  next  Root  in  Order.  For  the  firft  Arithmetical 

^  ^ _  x  x 

[m  ,(m — 1  ,  [m  — I 

Power  z  is  =  z.  z  ,  and  the  next  z  is  =  z  x  x  —  m  Zj  wherefore 
the  Difference  will  be  as  is  explained. 

And  confequently,  fince  the  Sum  of  thefe  Elements  or  Differences, 
taken  in  order  from  the  firft  to  the  laft,  do  make  up  the  Quantity  ac¬ 
cording  to  it’s  termini  •,  hence,  if  z  be  the  Abfcifs  of  a  curvilinear 

Pigure  whofe  Ordinate y  is  equal  to  mz  ,  a  Demonflration  might 

eafily  be  made  that  [the  Form  of  the  Quantity  for]  the  Area  will  be  2  ; 
that  is,  the  fame  Multiple  of  the  next  fuperior  Power  of  z  divided  by 
the  Index  of  that  Power. 

For  fince  the  Arithmetical  Powers  do  both  unite  and  become  the 

fame  with  the  Geometrical  Power,  when  the  differential  Index  z  is  fup- 
pofed  to  be  nothing  ;  the  Magnitude  of  the  Geometrical  Figure  will  be 
implied  from  the  Magnitudes  of  the  two  Polygons  made  up  of  Redtangles, 
one .  from  the  increafing  Arithmetical  Powerv  the  other  from  the  di- 
minifhing,  although  it  be  true,  that  the  Elements  of  the  Polygons  can¬ 
not  be  fummed  up,  when  2,  the  Meafure  of  the  Abfcifs  2,  is  fuppofed 
to  be  nothing. 


In  like  manner,  in  any  other  Cafe  where  2  and  2  are  two  AbfciiTes 


whofe ^  Difference  as  a  Meafure  is  2  j  and  jy,  y  the  two  Ordinates ;  the 
Magnitude  of  the  Figure  will  be  implied  by  the  Magnitudes  of  the  twro 
Polygons  which  are  made  from  the  Sum  of  the  infcribingand  circumfcrib- 

ing  Elements  z  y  and  z y,  although  the  Figure  itfelf  is  not  to  be  refolved 
into  any  fuch  primogenial  re&angular  Elements. 

And  thus,  I  think,  the  Symbol  2,  confidered  as  a  component  Part 

f  ^  Reftangle  2  jy,  may  bear  a  plain  Interpretation  ,  viz.  that  it  is 
the  Meafure  according  to  which  the  Quantity  2  is  meafured  •,  nor  can  I 
iee  that  any  other  Interpretation  need  to  be  put  upon  a  Symbol,  which, 

,  .re»  *s  only  to  make  other  things  known,  but  is  of 
itfelf  for  nothing  but  a  Mark. 


VOL.  VIII. 


Part.  i. 


And 


N 
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And  what  is  faid  of  the  Elements  of  the  firft  Refolution,  is  eafily 
applied  to  thofe  of  a  fecond  or  third,  and  fo  on  •,  the  laft  may  always 
be  confidered  as  the  Meafure  of  the  former  and  indivifible,  although, 
in  refpedt  of  the  following,  it  be  taken  as  the  Part  according  to  which 
the  Meafure  was  made,  and  therefore  divifible. 

Ait  Inquiry  IX.  Notwithftanding  that  Part  of  Sir  L  Newton’s  Mathematical  Pr in- 
concerning  the  ciplef  of  Natural  Philosophy ,  where,  he  treats  of  the  Figure  of  the  Earth 
PW  fJsZe-  is  delivered  with  the  ufual  Skill  and  Accuracy  of  that  great  Author; 
tvoiSe  'about  an  yet  I  thought  fomething  farther  might  be  done  in  this  Matter,  and  that 
Axis,  fuppofing  new  Inquiries  may  be  propofed,  which  are  of  no  fmall  Importance, 
the  Denfity  con-  anc}  whjch  poffibly  he  overlooked,  through  the  Abundance  of  thofe  fine 

!y from  the  Difcoveries  he  was  in  Purfuit  of. 

Centre  toward*  What  at  firft  feemed  to  me  worth  examining,  when  I  applyed  myfelf 
the  Surface,  by  to  this  Subjedt,  was  to  know  why  Sir  Ifaac  aflumed  the  Conical  Ellipfis 
Mr  Alexia  for  t)ie  jyjgure  0f  the  Earth,  when  he  was  to  determine  it’s  Axis?  For 
jr and  does  noc  acquaint  us  why  he  did  it,  neither  can  we  perceive  how  he 
Member  of  the  had  fatisfied  himfelf  in  this  Particular :  And  unlefs  we  know  this. 
Royal  Acad,  of  ]  think  w e  cannot  en  tirely  acquiefce  in  his  Determinations  of  the  Axes 
Sciences  at  0f  t he  Planets.  It  feems  as  if  he  might  have  taken  any  other  oval 
lated  from  the  Curve,  as  well  as  the  Conical  Ellipfis  of  Apollonius ,  and  then  he  would 
French  hy  the  have  come  to  other  Conclufions  about  thofe  Axes. 

Rev.  John  I  began  then  with  convincing  myfelf  by  Calculation,,  that  the  Me- 
ridian  of  the  Earth,  and  of  the  other  Planets,  is  a  Curve  very  nearly 
Cantab.  “Ltd  approaching  to  an  Ellipfis;  fo  that  no  fenfible  Error  could  enfue  by 
fuppofing  it  really  fuch.  I  communicated  my  Demon  fixation  of  this 
to  the  Royal  Society ,  at  the  Beginning  of  the  laft  Year;  and  I  have 
fince  been  informed,  that  Mr  Stirling  had  inferted  a  Difcourfe  in  the 
Phiiofophical  Tranfafiions ,  wherein  he  had  found  the  fame  thing  before 
me,  but  without  giving  his  Bemonftration.  When  I  fent  that  Paper 
to  London ,  1  was  in  Lapland ,  within  the  frigid  Zone,  where  I  could 
have  no  Recourfe  to  Mr  Stirling s  Difcourfe,  fo  that  I  could  not  take 
any  Notice  of  it.  v  '  ...  -  •-  ... 

The  Elliptical  Form  of  the  Meridian  being  once  proved,  I  no  longer 
found  any  thing  in  Sir  1.  Newton ,  about  the  Figure  of  the  Earth,  which 
could  create  any  new  Difficulty  ;  and  I  fhould  have  thought  this  Que- 
iiion  fufficiently  difcuflfed,  if  the  Obfervations  made  under  the  Ardtick 
Circle  had  not  prevailed  on  us  to  believe,  that  the  Shape  of  the  Earth 
was  ftill  flatter  than  that  of  Sir  Ifaac’ s  Spheriod  ;  and  if  he  himfelf  had 
not  pointed  at  the  Ca'ufes,  which  might  make  Jupiter  not  quite  fo  flat, 
as  by  his  Theory,  and  the  Earth  fomething  more. 

As  to  Jupiter ,  he  fays  -that  it’s  Equator  confifts  of  denfer  Parts 
than  the  reft  of  it’s  Body,  becaufe  it’s  Moifture  is  more  dried  up  by 
the  Heat  of  the  Sun.  But  as  to  the  Earth,  he  fufpedts  it’s  Flatnefs 
to  be  a  fmall  matter  greater  than  what  arifes  by  his  Calculation.  He 


jF.  R  S'.  N° 
449.  p.  277, 
Aug.  & c. 


See  Chap.  VII.  of  this  Volume. 
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infinuates,  that  it  may  poffibly  be  more  denfe  towards  the  Center  than 
at  the  Superficies  *.  I  am  fomething  furprized  that  Sir  Ifaac  fhould 
imagine,  that  the  Sun’s  Heat  can  be  fo  great  at  Jupiter's  Equator, 
when  it  has  no  fuch  Effect  at  that  of  the  Earth  ;  and  that  he  does  not 
afcribeeach  to  a  like  Caufe,  by  fuppofmg  alfo,  that  Jupite  may  be. 
of  a  different  Denfity  at  the  Center  from  that  at  the  Superficies. 

But  whatever  Reafon  he  might  have  for  introducing  two  different 
Caufes,  I  give  the  Preference  to  the  Hypothecs  which  fuppofes  un¬ 
equal  Denfities  at  the  Center  and  at  the  Circumference,  I  have  in¬ 
quired,  by  the  Affiftance  of  this  Theory,  what  would  be  the  Figure  of 
the  Earth,  and  of  the  other  Planets  which  revolve  about  an  Axe,  on 
Suppofition  that  they  are  compofed  of  fimiiar  Strata ,  or  Layers,  at 
the  Surface  ;  but  that  their  variable  Denfity,  from  the  Center  towards 
the  Circumference,  may  be  expounded  by  any  Algebraical  Equation 
whatfoever. 

And  though  my  Hypothecs  fhould  not  be  conformably  to  the  Laws 
of  Nature,  or  even  though  it  fhould  be  of  no  real  U(e-\  which  would 
be  the  Cafe,  if  the  Obfervatlons  made  by  the  Mathematicians  now  in 
Peruy  compared  with  ours  in  the  North,  fhould  require  that  Pro¬ 
portion  of  the  Axes,  which  is  derived  from  Sir  Ifaac' s  Spheroid  ;)  I 
thought  however  that  Geometricians  would  be  pleafed  with  the  Specu¬ 
lations  contained  in  this  Paper,  as  being,  if  not  ufeful,  yet  curious 
Problems  at  leaft.  t  ; 


To  find  the  Attraction  which  a  homogeneous  Spheroid  B  N  E  b  e,  dif-. 
fering  hut  very  little  frotn  a  Sphere ,  exerts  upon  a  Corpufcle  placed 
at  A  in  the  Axis  of  Revolution. 

I.  We  may  conceive  the  Space  BNEEDMB,  included  between 
the  Spheroid  and  the  Sphere,  to  be  divided  into  an  infinite  Number 
of  Sections  perpendicular  to  the  Axe  A  C  b.  Suppofing  then  that  every 
one  of  the  Particles,  which  are  contained  in  one  of  thefe  Elements  or 
Moments  N  n  m  M,  exerts  the  fame  Quantity  of  Attraction  upon  the 
Body  at  A,  which  may  be  fuppofed  becaufe  of  the  Smallnefs  of  NMj 

A  P 

for  the  Attraction  of 


A  M 


we  fhall  have  c  &  x  P  M2  x  P  p  x 

any  one  of  thofe  Elements ;  putting  c  for  the  Ratio  of  the  Circum¬ 
ference  to  the  Radius,  and  cc  for  the  given  Ratio  of  M  N  to  PM, 
that  is,  of  D  E  to  C  D. 

Now  if  we  make  CA  =  ^,  CB^r,  A  M  =  z  *,  and  for  P  M, 
A  P,  P  p9  if  we  fubftitute  their  Values  expreffed  by  £,  and  then  feek 

.  ‘  -  v  ,  .  4  c  oc  r3 

the  r  luent  of  the  foregoing  Quantity  *  we  fhall  have 


Part  I. 

In  which  are 
found  the 
Laws  of  At- 
tradiionywhich 
are  exerted 
upon  Bodies  at 
a  Difiance ,  by 
a  Spheroid 
compojed  of 
Or  bs  of  diffe¬ 
rent  Degrees  of 
Denfity . 

Frob.  I. 

Fig'  35- 


e  e 


*  See  Sett.  xxiv. 
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Pros.  II. 

Fig.  36. 
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4  c&r 


for  the  Value  of  the  whole  Attraction  of  the  Solid  ge- 

5  e+ 

nerated  by  the  Revolution  of  B  D  b  E  B  :  To  which  if  we  add 


2  r'  c 
3  e  e 


Attraction  of  the  Sphere,  we  fhall  have 


2  r5  c 
3  ee 


-F 


4  c  ry  cc 
3  ee~~ 


— — fit* —  for  the  required  Attraction  of  the  Spheroid  upon  the 

5 

Corpufcle  A, 

Suppofmg  now  the  Spheroid  B  e  b  e,  to  he  no  longer  of  a  homogeneous 
Matter ,  hut  to  be  compofed  of  an  infinite  Number  of  Elliptical  Strati, 
all  Jimilar  to^Eb^  the  Denfities  of  which  are  reprefented  by  the  Or¬ 
dinates  K  T  ^  any  Curve  whatever  V  T,  of  which  we  have  the 
Equation  C  K  and  KT;  the  Attraction  is  required  which 

this  Sphertf^'ferti  upon  a  Corpufcle  placed  at  the  Pole  B. 

II.  Making  B  C  =  e,  C  K  =  r,  by  the  foregoing  Proportion,  we 


fbould  have 


2  r'c  4  c  r5  a  4  c  x  r5 


for  the  Attraction  of 


gee  *  gee  5  e+ 

the  Spheroid  KLK,  if  it  confifted  of  homogeneous  Matter  and  the 


Fluxion  of  this  Quantity 


2  r  r  c  r  4  c  oc  r2  r  4  c  a,  r*  r 


would 


e  e  1  e  e  e ^ 

<r '  _ 

be  the  Element  or  Moment  of  the  Orb  KLKHf  But  becaufe  the 
Denfity  is  variable,  we  muft  multiply  this  Value  of  the  Attraction  of 
the  Orb  by  K  T,  and  the  Fluent  of  this  Quantity  will  be  the  Value 
of  the  Attraction  of  the  Spheroid  KLK. 

As  to  the  Value  of  K  T,  which  expreffes  the  Denfity  of  the  Stra¬ 
tum  or  Bed  KLKHi,  we  fhall  take  only  frP-\-grv  ,  becaufe  we 
lhall  fee  afterwards,  that  a  Value  more  compounded,  at/r^-j-^r?, 
h  r  s  -} i  r{  ,  £s?c.  which  by  the  Property  of  Series  may  exprefs 
all  Curves,  would  not  produce  any  Variety  in  the  Calculation. 

Therefore  multiplying  the  foregoing  Equation  by  frt  -j-  gri  , 


we  fnall  have 


2  f/xif 2«  xr 


3  -yp 


4  ca.fr 


5  "F  P 


F 


2  X  1  ylflsXr 


e  e  x  g  -J-  p 

3  ~F? 


e*  x  5 


4  c  a,  g  r 


5  -F? 


_ for  the  Quantity 

e  e  x  3  “j-  q  e*  x  5  -j-  q 

of  Attraction  of  the  Spheroid  KLK,  exerted  upon  a  Corpufcle 
placed  at  B* 

^  2  III* 
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i  -}-  p 


III.  In  this  Value  making  r  —  e,  we  fhall  have 


2  cfe 


-f 


8  cfe 


I  “I ~  p 

Of. 


-h 


2  c  g  e 


I  -fq 


Sc  g  e 


3  ~P 

i  -fq 


which  will 


3 '~t  P  *  5  T P  '  ‘  3  "f"?  x  5  “i 

exprefs  the  Force  of  Attra&ion  of  the  Spheroid  BE  b,  exerted  upon 
a  Corpufcle  placed  at  the  Pole  B. 


A  Corpufcle  being  placed  in  any  Point  N  of  the  Surface  of  the  foregoing  Theorem. 
Spheroid  B  E  b  e,  1  fay  it  will  undergo  the  fame  Attraction  from  this 
Spheroid ,  as  if  it  were  placed  at  the  Pole  N  of  a  fecond  Spheroid  re¬ 
volving  about  the  Axe  N  O,  the  fecond  Axe  being  the  Radius  of  a 
Circle  equal  in  Superficies  to  the  ElUpfis  F  G;  fuppofing  this  fecond 
Spheroid  N  G  O  F,  to  be  compofed  of  the  Strata  M  m  wWe  Fen-  Fig.  37, 
fities  are  the  fame  as  thofe  of  the  Strata  K  k  L  l  wdk,  of  the  firfi 
Spheroid. 


IV.  In  the  Difcourfe  which  I  communicated  to  the  Royal  Society  *9 
being  then  at  Borneo,  printed  in  the  Philofophical  Tranfaffions ,  I  have 
demonftrated  this  Propofition  as  to  a  homogeneous  Spheroid  \  and  the 
fame  Reafoning  will  obtain  in  this  Cafe  alfo. 


To  find  the  Attraction  which  the  Spheroid  B  e  b  s  exerts  upon  a  Corpufcle  Pros.  IIP 
placed  at  any  Point  N  of  the  Superficies \  Fig.  3 6. 

V.  We  will  make,  as'  above,  B  C  e9  C  E  =  e  ~b  e  a,  and  alfo 
C  N  =  e  -j-  e  A,  and  half  the  Conjugate  Diameter  of  C  N  will  be 
C  G  ~  e  e  a  • — 4  e  x  \  whence  the  Radius  of  a*  Circle,  equal  in  Su¬ 
perficies  to  the  Ellipfis  F  G,  will  be  a  mean  Proportional  between  C  E 

and  C  G,  that  is  to  fay,  e  -f-  e  oc  —  e  A.  Therefore  the  Spheroid. 

BE^  exerts  the  fame  Attra&ion  at  N,  as  would  be  exerted  at  the 
Pole  of  a  Spheroid  N  G  O  F,  {Fig-  37-)  of  which  the  principal  Axis 
would  be  NO  =  2^f  2a,  and  the  fecond  would  be  to  the  Prin- 

3 

cipal  as  1  a,  —  “  a  to  1. 

Therefore  in  the  Exprefiion  of  the  Attra&ion  at  the  Pole,  (Art.  III.) 

3 

we  mull  fubftitute  e  a  indead  of  e9  and  «  — -  "  ^  inftead  of 


Rftfe 


*  See  Chap,  vii.  of  this  Volume 
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But  if  f  and  g  muft  no  longer  be  the  fame  ;  for  we  may  eafily -per¬ 
ceive  by  the  foregoing  Theorem ,  that  the  Denfity  muft  be  the  fame 
in  this  Spero  id  N  G  O  F,  at  the  Pittance  r  r  x  from  the  Center, 
as  it  is  in  the  Spheroid  B  E  b  e  at  the  Diftance  r.  Therefore  / 
/  e  \  P  f  e  2 

y  -j-g  )  muft  be  put  inftead  of  f  e  t  g  e  ?  . 


1  A 


Prob,  IV. 

Fig.  38. 


Thus  we  fhall  have 
i  -{-p 


2  cfe 


i  T~  P 


—  2  cf  A  e 


It  p 


8  c  f  a  e 


2  eg  e 


3  -TP 
1  -\gq 


3  1 ~P  *  5~t~P 

1  -j-  q 


1 


2  q  —  2  c g\e 


3  't'  ?  x  5  "+"  1 


3  irPx  5~tp  "  3  Vi 

8  cg.e 

for  the  Attraction  of  the  Spheroid  B  h  h 

3-f?x5"h2 
at  N. 

VI.  If  we  make  a  =  #,  the  foregoing  Expreffion  will  be  reduced 
i  T"  P  r  1  p  i  -d-  y 

2  C  f  e 

+-  — S - -t-  — ^ - h 


2  f/<? 

to  this  — 


5  "hi* 


o 


f.? e 


3  1 "P 

I  -f-  q 

00 

— ,  which  expreffes  the  Attraction  of  the  Equator. 


5+2 

VII.  If  we  would  have  the  Attraction  at  any  Point  M  within  the 
Spheroid,  in  the  Expreffion  of  the  Attraction  at  N,  we  muft  put  r 
inftead  of  e.  The  Proof  of  this  is  plain  from  the  fame  Reafons  that 
Sir  I.  Newton  makes  ufe  of  *,  to  (hew  that  the  Attraction  of  an  el¬ 
liptic  Orb,  at  a  Point  within  it^  is  none*  at  all. 

Let  R  n  r  v  he  a  Circle  whofe  Center  is  Y  *,  9tis  required  to  find  the 
Attraction  which  this  Circle  exerts  upon  a  Corpufcle  at  N,  according 
to  the  Direction  II  Y  *,  fuppofing  the  Point  H,  which  anfwers  per¬ 
pendicularly  below  the  Point  N,  to  be  at  a  very  fmall  Diftance  from 
the  Point  Y. 

VIII.  Let  there  be  drawn  n  Htt  perpendicular  to  the  Diameter 
R  Y  r,  and  let  the  Space  R  n  tt  be  transferred  to  ?r  n  Z.  Then  the 
Space  tt  Z  n  r  will  be  the  only  Part  of  R  nr  tt,  which  will  attraCl 
the  Body  N  according  to  H  Y. 


*  Princip .  Math,  Lib .  I.  Prop,  91.  Carol.  3. 
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To  find  the  Attradion  of  this  little  Space,  we  will  fuppofe  it  to  be 
divided  into  the  Elements  T  tsS,  the  Attradions  of  which,  according 

_  ttv  T/jSxQ^T  2  H  Y x  Q  <7 x  Q  T 

to  HY,  will  be  NX3  *  0r  - 5  the  Fluent  of 


_ .  ,  2  H  Y  x  H  O  T  Z  . 
which  - — - - ’ 


N  T 


is  the  Attradion  of  TZrS,  according  to 

n  H  7T  R  x  2  H  Y 


H  Y.  In  which  if  we  put  n  n  for  H  Q,  we  jfhall  have 

••  ••  f-T  '  J  ky  .*  J.,  ■  V  \  ..  v  Z  \ 

iHY  xnH2xc 


N  T 


or 


NT- 


for  the  Attradion  required. 
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IX.  It  is  eafy  to  perceive,  that  if,  inflead  of  a  Circle,  the  Curve 
R  U  r  were  an  Ellipfis,  or  any  other  Curve  whofe  Axes  were  but  very 
little  different  from  one  another,  the  foregoing  Solution  would  be  fi ill 
the  fame. 

To  find  the  Attraction  which  an  Elliptical  Spheroid  K  L  £  exerts  upon  a  Frob.  V. 
Corpufcle  placed  without  it's  Surface  at  N,  according  to  the  Direction  Fi°\  sc 
C  X  perpendicular  to  C  N. 


X.  To  perform  this,  we  will  begin  by  drawing  the  Diameter 

which  biieds  the  Lines  Rr  perpendicular  to  C  N  •,  and  the  Ratio  of 

CH  to  HY  fhall  be  called  n.  Then  efteeming  the  Ellipfis  R  r  as  a 

Circle,  (fee  the  foregoing  Article)  we  fhall  have  by  the  Problem  afore- 

i  n  c  X  R  hi 2  xCH  .  .  .  ■  \ , 

going  - - hTR3 - *or  lt?s  Attradion,  according  toHY;  which 

being  multiplyed  by  the  Fluxion  of  M  H,  the  Fluent  of  this  will  be  the 
Attradion  of  the  Segment  of  the  Spheroid  R  M  r. 

This  Calculation  being  made,  and  N  m  being  fubflituted  for  N  R, 

2  n  c  A  % 

we  fhall  have  for  the  Attradion  of  the  Spheroid  in  N,  accord¬ 

ing  to  the  Diredion  C  X. 

To  find  the  Attraction  of  a  Corpufcle  N,  according  to  C  X,  towards  an  pR0£.  VI- 
Ellipfoid  B  N  E  b  e,  compofed  of  Strata ,  the  Denfities  of  which  are 
defined  by  the  Equation  D ‘=/r£  ~j - gr? .  \ 


XI.  Take  the  Fluxion  of  the  Quantity - which  expreffes  the 

Attradion  of  the  homogeneous  Ellipfoid  KL^,  and  you  will  have 
for  the  Attradion  of  an  infinitely  little  elliptic  Orb*  which 


2  c  nr  r 


% 
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4-f -p-  4~W* 

0  cnfr  r  ,  2c?nr  r 

being  multiplied  by  the  Denfity  D,  gives  - - p; 


the  Fluent  of  which 


r  5  P  5  4 

2  cfnr  ^  |  2  cgnr 


is  the  Attraction  of 


5  -j-p  x  '  5  -j-  £  x  ^ 

the  Spheroid  KL£,  according  to  CX,  Therefore  the  total  Attraction 
of  the  Spheroid  B  N  E  h  e  upon  the  Corpufcle  N,  according  to  the  Di¬ 


rection  €  X,  will  be 


2  cfn  e 


2  cgn  e 


i-H 


5~YP  1  5  +  ? 

Now  if  we  have  regard  to  the  Smallnefs  of  the  Line  Nv,  and  obferve 
how  little  the  Angle  vNC  will  differ  from  a  right  one,  we  may  perceive 
that  the  Diameter  C  N  contains  the  fame  Angle  with  the  perpendicular 
NX  in  N,  as  the  Diameter  C  N  with  the  perpendicular  at  v,  that  is  to 
fay.,  that  the  Angle  N  Cv  is  the  fame  as  the  Angle  CNX;  fo  that  in- 

cx 

{lead  of  n  we  may  take  — Wherefore  the  foregoing  Expreflion  of  the 

JlN 

Attraction  of  the  Ellipfoid  BE  b  ey  afting  according  to  the  Direction 

zcfe1+p  CX 

C  X  upon  a  Corpufcle  placed  in  N,  will  be 


5  i -jp 


x 


CN 


2  eg  e 


*+q 


5  +  1 


C  X 
CN' 


Prob.  VII.  Fo  find  the  Direction  of  the  Attraction  of  a  Corpufcle  N  towards  the 

Ellipfoid . 

XII,  by  the  fecond  Problem  we  fhall  find  the  Attraction  of  the 


Spheroid  according  to  C  N  to  be 


2  cfe 


i+p 


2  ege 


l+q 


,byexpung- 


3  firP  ]  3 

ing  what  may  be  here  expunged.  Then  by  taking  a  fourth  propor¬ 
tional  to  thefe  three  Quantities,  the  firfi:  of  which  is  the  Attraction  ac¬ 
cording  to  C  N,  the  fecond  is  that  according  to  C  X,  and  the  third  is 


the  right  line  C  N  j  there  will  arife 


r  *  P  I  —f*  9. 

fe  r  ,  ge 

r-\-p +  5 


i+p 


I  -\-q 


x  C  X  =  C I. 


ll-  --  _i_  II _ 

3  1  3 


Whence 
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Whence  we  fhall  have  N I  for  the  Direction  required,  of  the  Attradion 
of  the  CorpufcJe  N. 

XIII.  If  we  fuppofe  />  =  #  =  o,  that  is,  if  the  Spheroid  be  homo- 

o 

geneous,  we  fhall  have  Cl”  —  CX;  which  agrees  with  what  Mr 

5 

Stirling  has  found,  in  that  curious  Diflertation  he  has  publifhed  in  the 
Philofophical  Pranf actions  ^  ut  fupra. 

XIV.  Let  us  now  fuppofe,  that  the  foregoing  Spheroid  BNE^,  Part  If. 

which  as  ft  ill  compofed  of  Beds  or  Strata  of  different  Denfities,  revolves  ^  fe  °f  l^e 
about  it’s  Axis  B  b,  and  that  it  is  now  arrived  at  it’s  permanent  State.  Prf. 

It  is  plain  that  the  Particles  of  the  Fluid,  which  are  upon  it’s  Surface,  ing  the  figure 
muff  gravitate  according  to  a  Direction  perpendicular  to  the  Curvature  °f  Spheroid >, 
BNE;  for  without  this  Condition  there  could  be  no  Mquilibrium.  ™hich  reevofs 

We  fhall  now  inquire,  whether  the  Elliptic  Figure  we  have  aferibed  a^flt  an 
to  our  Spheroids  can  have  this  Property,  and  to  produce  this  EfFed  IS’ 
what  muft  be  the  Relation  between  the  Time  of  Revolution  of  the 
Spheriod  and  the  Difference  of  it’s  Axes. 

Let  us  then  put  $  for  the  centrifugal  Force  at  the  Equator,  and  the 

centrifugal  Force  at  N  will  be  — ^ — 5  or  —  >  becaufe  2PN 

V-»  l-i  2  LH iXa 

x«  =  C  x. 

By  refolving  this  centrifugal  Force  according  to  the  Perpendicular 

^  I  I  _  p 

to  C  N,  we  fhall  have  — — S, ^7  5  which  being  added  to  —f  e. 


5  ir? 


x 


cx 

CN 


T* 


2  eg  e 


1  +  q 


5“1~? 


cx 

x  found  by  Prob.  V.  will  give  the  who! 


Force  of  the  Body  N,  according  to  the  Diredion  C  X,  when  the 
Spheroid  is  converted  about  it’s  Axis.  But  becaufe  this  Body,  by  virtue 
of  the  Attradion  according  to  C  N,  and  the  Force  according  to  CX, 
ought  to  have  a  perpendicular  Tendency  to  the  Superficies  ;  we  fhall 


have  this  Analogy,  C  N.  C  X  : : 


2  cfe 


1  ~\~P 


3  TV 


2  eg  e 


1 


CX 


3  -j -q  2  go  CE 


2  c  f  e 


1  +/> 


C  X  2  eg  e 

X  -j-  S 


1  +? 


CX 


And  hence,  becaufe  C  N 


'  5irP  "CN  1  5-j-j  "CN 

and  C  E  may  be  affumed  as  the  fame  on  this  Occafion,  it  will  be 


<? 


8  cfe'+*  „ 


_  tcge'+l* 

3  ~t~pX5~vP  1  3  ~j ~yx5~j-y 
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The  Spheroid  And  as  in  this  Value  of  the  centrifugal  Force,  no  Quantity  enters 
le1hgtuTftd  but  what  wil1  agree  to  any  Point  N ;  wd  may  therefore  conclude,  that 
*  Bodies  will  w^en  our  fuppofed  elliptical  Spheroid  performs  it’s  Rotation  in  a  prope? 
gravitate  per-  Time,  fo  that  the  centrifugal  Force  at  the  Equator  may  be  as  before 
pendicularly  to  then  the  centrifugal  Force  in  any  other  Place  N  will  be  fuch  as  it  ought 
ns  Surface.  t0  ^  to  caufe  Bodies  to  gravitate  in  a  perpendicular  Direction,  to  the 
Surface. 

Toe  Exprejjion  XV.  If  we  now  confider,  that  E  D  being  taken  for  the  centrifugal 

for  the  Gravity  Force  in  E,  then  will  MN  exprefs  the  centrifugal  Force  in  N,  and 

at  anyplace  an  confequently  MI  will  be  fuch  aPart  of  this  Force  as  afe  according 
the  Spheroid .  1  & 

8  eft  1  +p 

so  N  C  j  we  fhall  have  — — — — 


mg.  40, 


3  ~P  x5  TP 

1  c  f e 

from  the  Attraction  at  N.  Hence  J 


n  t  Q 

x  $  eg  e 

i 


3~tP 


3?“bfx$+f 

l~FP  2  p — locfxe 


to  be  fubtra&ed 
1  -f- p 


3  ~Tt  *5  ~)rP 


Sc fete 


I  -\-p 


zege 


*  +  f 


'  3i"?x5i“?  1  3  ~h? 

■will  be  the  Gravity  at  N. 


zq — •  10  c  g  x  e 


+* 


s  eg  oc.e 


*+f 
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The  Gravity  at 
the  Equator. 


XVI.  In  this  Value  making  A  =  we  fhall  have 

I  -\~q  , 


2  C  f  e 


1  -4-/> 


f  2  p  —  icf  a.  e  (  2  eg  e 

T*  - 


3  +  2 


-h 


2  q —  2  egoo  e 


3,ir  P 

1  -f~  <7 


3  1“  1 x  5  + fi 


for  the 


3  'JrPxB'JrP 

Gravity  at  the  Equator. 

XVII.  If  we  fubtraCl  the  Value  of  the  Gravity,  in  N*  from  the 
Value  of  the  Attraction  or  Gravity  at  the  Pole,  (Art.  IIL)  we  fhall 


have 


10 


1  4- p  - -  I  -f-  q 

zpcfxe  ‘  r  10  —  2qcgxe 


But  it  is  eafy  to 


3  t 'Px5~irP  *  3~h?x5~W 

perceive,  that  a  is  proportional  to  the  Square  of  the  Sine  of  the 
Arc  P  M,  or  of  the  Complement  of  the  Latitude.  Whence  we  maw 
therefore  conclude,  that  the  Diminution  of  the  Gravity  from  the 
Pole  to  the  Equator  is  proportional  to  the  Square  of  the  Cofine  of  the 
Latitude  ;  or,  which  is  the  fame  thing,  that  the  Augmentation  of  Gravity 
from  the  Equator  to  the  Pole  is  as  the  Square  of  the  Sine  of  the  Latitude ,  as 
Sir  I.  Newton  has  demonftrated  in  his  Hypothefis  of  a  homogenous 
Spheroid. 

XVIII.  From  the  following  Calculation  it  is  eafy  to  conclude,  that 
Sir  Ifaac’s  Theorem*,  which  is  this,  that  the  Gravity  in  any  Place  within 

Pin.  Math.  Lib.  3.  Prop.  20, 


I 
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is  reciprocally  as  the  Diftance  from  the  Centre ,  cannot  obtain  here.  For 
we  may  fee  by  the  foregoing  Expreffion,  that  the  Gravity  in  N  cannot 
be  to  the  Gravity  in  P  as  i  to  i  -j-A,  except  when  pz=:qz=z0,  which 
happens  only  in  Sir  Ifaac9 s  homogeneous  Spheroid. 

It  was  for  want  of  confidering,  that  this  Theorem  was  demonftrated 
by  Sir  Ifaac  only  in  the  Cafe  of  his  homogeneous  Spheroid,  that  feveral 
Geometricians  have  too  hafbily  concluded,  this  Theorem  might  be 
applied  to  determine  the  Ratio  of  the  Earth’s  Axes,  and  the  Lengths  of 
the  Pendulum  obferved  in  two  Places  of  different  Latitudes.  Dr  Gregory 
is  one  of  thofe  who  have  fallen  into  this  Miftake  *,  And  in  the  Philof 
Tranfaff.  -f*  it  is  concluded,  from  the  Proportion  of  Gravity  at  Jamaica 
to  that  at  London ,  that  the  Diameter  of  the  Equator  muft  exceed  the 
Earth’s  Axis  by  ^th  Part,  which  Computation  was  founded  on  this 
20th  Prop.  Lib.  III.  of  Sir  Ifaac9 s  Principia ,  which  is  true  only  of 
his  Spheroid. 

XIX.  Let  us  now  fuppofe,  that  the  centrifugal  Force  at  the  Equator  The  Manner  of 

is  known  by  obfervation,  as  alfo  within  the  Earth,  &c,  and  that  it  is  a  findingtheAxes 

of  the  Spheroid* 

certain  Part  —  of  the  Gravity;  by  Articles  XIV,  and  XVI,  we  fliall  tb^grtaflonof 

m  J  J  Derjities  of 

/^Strata  being 

I  4-6  - -  -  I  4-  p  I  -f-  q  taken  at  ple&- 

'  2/)  —  2cfe  ,  2  Cge  fure. 


have  this  Equation: 


3  ~f-P 


3  ~\~P  x  5  ~*CP 


"t* 


3  “h  j 


w  |  u 


“ -  *  "P  9. 

2  q  —  2  c  g  e  ‘V 


8  c  f  m  e*  8  c  m  g  e1  "a, 


From 


3~)rPX5'JrP  3  +  1X5^% 
hence  it  will  be  eafy  to  derive  the  Value  of  a,  becaufe  /,  g,  p,  q,  will 
be  given,  from  the  Hypothecs  that  will  be  chofen,  for  the  Variation  of 
the  Denfity  in  the  internal  Parts  of  the  Spheroid. 

XX.  And  if  on  the  contrary  a  be  given,  that  is,  if  we  know  by 
Obfervation  the  Ratio  of  the  Axes  of  the  Planet  concerned  ;  then  by  the 
foregoing  Equation  we  may  perceive,  whether  we  have  affumed  an 
agreeable  Hypothefis  for  the  Variation  of  the  Denfities :  But  we  cannot 
precifely  determine  what  this  Hypothefis  mull  be,  becaufe  there  is  but 
one  Equation,  in  which  4  indeterminate  Quantities  /,  g ,  />,  q ,  are  in¬ 
volved.  And  indeed  there  might  be  many  more  than  4  indeterminate 
Quantities,  if  we  fhould  aflume  more  than  two  Terms  in  the  general 

Equation  of  the  Denfities  D  == frP  -\-g  rq  fhr\  &c, 

XXI.  In  order  to  apply  the  foregoing  Theory  to  the  Earth,  it  might 
feem  at  firfl  Sight,  that  by  the  Afliftance  of  Obfervations  made  for 
meafuring  the  Length  of  the  Pendulum,  we  might  have  other  Equations, 
which  with  the  foregoing  Equation  A,  .would  determine  the  Coefficients 
and  Exponents  now  mentioned  but  we  fhall  foon  fee  the  Impoffibility 


*  filera.  Aftron.  Lib.  3.  Sefi.  8.  Prop.  52.  f  See  Chap.  Ill,  ofthisVol. 

O  2 


of 
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of  this  upon  two  Accounts :  Firft,  There  need  be  only  two  Obferva- 
tions,  as  to  what  concerns  the  Length  of  the  Pendulum.  For  becaufe 
by  Art.  XVII.  the  Augmentation  of  the  Gravity  from  the  Equator  to 
the  Pole  is  proportional  to  the  Square  of  the  Sine  of  the  Latitude,  two 
Obfervations  as  much  determine  the  Problem  as  an  infinite  Number  can 
do  :  So  that  we  could  have  but  one  other  Equation  befides  the  foregoing. 
This  Equation  will  be 


5  — Pf* 


(B) 


P 


h 


qgcc. 


P 


P~~  if*  f  ;  S  [  JL 

TJFpx5~tP  1  3t?  ‘  3 


ig* 


The  firft  Member  of  this  Equation  exprefies  the  Gravity  at  the 
Equator  fubtrafted  from  that  at  the  Pole,  and  divided  by  that  at  the 
Equator ;  a  Quantity  which  may  be  known  in  Numbers,  by  deter- 
rninihg  the  Length  of  the  Pendulum  at  two  different  Latitudes.  The 
other  Member  of  the  Equation  is  an  Expreffion  of  the  fame  Quantity, 

as  it  is  deduced  by  the  preceding  Calculus. 

Secondly,  This  new  Equation  B  cannot  be  of  any  Service  in  deter¬ 
mining  the  Coefficients  and  Exponents  /,  g9  p,  q,  &c.  For  we  ffiall 


'  N 

now  fhew,  that  che  foregoing  Ratio 


has  fuch  an  immediate  Con¬ 


nexion  with  *,  that  one  of  them  being  determined,  the  other  will 
necefiarily  be  fo  too,  independently  of  the  Values  of  /,  g,  y>,  c,  Cfc.. 
This  may  deferve  our  Attention,  and  the  Proof  is  thus : 

XXII.  Becaufe  the  Ratio  of  the  Gravity  to  the  Centrifugal  Force 
is  very  «rear,  and  isexprefted  by  m,  in  the  Equation  A  we  may  reject 
the  third  and  fourth  Terms ;  by  which  means  the  Equation  will  be 

f  g  4  m  f  «.  _  4  »>g  * 

reduced  to  this,  -pp -  ■  \-  ppj . 1  3  -j-  ?  x  5 -f ‘ 

And  if  from  this  Equation  we  deduce  the  Value  ^  ther  of/ or  £  and 
fubftitute  it  in  the  Equation  B ;  (having  fiift  rejedted  the  firft  and 
fourth  Terms  of  the  Denominator,  as  in  this  Cafe  may  be  done)  we 
fhall  have  after  the  Calculation  is  made,  whatever  is  the  Number  of 


/ 

P 


a,  or 


P 


* Tie  Figure  of 
the  Spheroid 
being  known ,  ____ 

the  Augmen-  j  j  r 
tation  of  Gra¬ 
vity  f  om  the 
Equator  to  thg 


Terms  in  the  Equation  of  the  Denfitics,  ^  ^  m  '  '  p 

_  by  putting  288  for  m,  as  has  been  long  known.  It  is 


eafily 
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p  —  p 
P 


eafily  leen  from  this  Equation,  that  when  a  is  determined, 

be  fo  too,  which  was  the  thing  propofed  to  be  proved. 

XXIIL  But  from  this  Equation  there  follows  a  very  Angular 
Propofition,  and  which,  in  fome  fort,  is  contrary  to  the  Sentiments  of 
Sir  I.  Newton  *,  that  if  by  Obfervation  it  fljall  be  difeovered ,  that  the 
Earth  is  flatter  than  according  to  the  Spheroid  of  Sir  Ifaac,  that  is ,  if  the 
Diameter  of  the  Equator  exceeds  the  Axis  by  more  than  the  —  Part ,  the 
Gravity  will  increafe  lefs  from  the  Equator  towards  the  Pole ,  than  accord¬ 
ing  to  the  Table  which  he  has  given  for  his  Spheroid ;  Prop.  XX.  of  the  3d 
Book.  And.  on  the  contrary-,  if  the  Spheroid  is  not  fo  flat ,  the  Gravity 
will  increafe  more  from  the  Equator  towards  the  Pole. 

XXIV.  ’Tis  thus  that  Sir  1.  Newton  expreftes  himfelf  about  it,, 
when  he  relates  the  Experiments  made  towards  the  South,  concerning 
the  Diminution  of  Gravity,,  which  Experiments  make  it  greater  than 
his  Theory  requires  f.  He  affirms,,  that  the  Earth  is  denfer  towards 
the  Centre  than  at  the  Superficies,  and  more  depreffed  than  his  Spheroid 
requires.  But  by  the  foregoing  Theory  we  may  eafily  perceive,  that  if 
the  Denfity  ot  the  Earth  diminifhes  from  the  Centre  towards  the  Super¬ 
ficies,  the  Dimunition  of  Gravity,  from  the  Pole  towards  the  Equator 
will  be  greater  than  according  to  Sir  Ifaac9 s  Table;  but  at  the  fame 
time  the  Earth  will  be  not  fo  much  depreffed  as  his  Spheroid  requires, 
inftead  of  being  more  fo,  as  he  affirms.  Yet  I  would  not  by  any  means 
be  underftood  to  decide  againft  Sir  Ifaac9 s  Determination,  becaufe  I 
cannot  be  affured  of  his  Meaning,  when  he  tells  us,  that  the  Denfity  of 
the  Earth  diminifhes  from  the  Centre  towards  the  Circumference.  He 
does  not  explain  this,  and  perhaps  inftead ‘of  the  Earth’s  being  compofed 
of  parallel  Beds  or  Strata ,  it’s  Parts  may  be  conceived  to  be  otherwife 
arranged  and  difpofed,  fo  as  that  the  Propofition  of  Sir  Ifaac  (hall  be 
agreeable  to  the  Truth. 

XXV.  As  to  Dr  Gregory ,  who  has  attempted  to  comment'upon  this 
Paffage  of  Sir  Ifaac,  I  think  I  have  demonftrated,  -  that  he  has  commit¬ 
ted  a  Paralogifm.  Ele  lays  |j  that  it  the  Earth  is  denfer  towards  the 
Centre,  or  if  (for  Example)  it  has  a  Nucleus  of  greater  Weight  than 
the  other  Parts,  the  Diminution  of  Gravity  from  the  Pole  towards  the 
Equator  fhall  be  greater  than  if  the  whole  were  of  the  fame  Denfity  ; 
and  in  this  he  is  right.  But  he  is  in  the  wrong  (I  think)  immediately 


Vole  nvill  be 
known  alfo\ 
will  and fo  vice 
verfa. 


to  conclude  from  thence,  that  the  Earth  has  a  greater  Flatnefs.  Whence 
can  he  conclude  this?  It  can  be  only  from  that  Propofition  of  Sir  Ifaac 

*  Princip.  "Math.  Ed.  3.  p.  430.  f  Et  excejj'us  Longitudinis  Penduli  Variflenjis  fupra 
longitudines  Pendulorum  if  chr  onerum  in  his  latitudinibus  objernoatas ,  funt  paulo  majores  quam 
pro  tabula  longitudinum  Penduli  fuperius  computata.  Et  propterea  Terra  aliquanto  altior  ejl 
fub  aquatore ,  quam  pro  fupei  iore,  ca  lculo,  denjior  ad  centrum  quam  in  fodinis  prope  fuperr 
/ciem,  ||  E /em.  Ajlron.  JLib,  3.  §.8.  Prop.  52.  Schol.  '  ' 
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which  informs  us,  that  Gravity  is  in  a  reciprocal  Ratio  of  the  Diftances; 
becaufe  he  gave  us  the  Proportion  but  the  Page  befoie,  as  a  Method 
for  determining  the  Figure  of  the  Earth.  But  we  are  not  allowed  to 
make  ufe  of  this  Propofition  in  this  Cafe,  becaufe  it  has  been  fhewn, 
Art.  XVIII.  that  it  can  take  Place  only  on  the  Suppofition  of  a  homo¬ 
geneous  Spheroid.  Therefore,  &c. 

XXVI.  It  will  not  be  very  difficult,  without  any  Regard  had  to  the 
foregoing  Theory,  to  find  the  Ratio  of  the  Axes  of  a  Spheroid,  which 
we  may  fuppofe  to  have  a  Nucleus  at  the  Centre,  of  greater  Den fity 
than  the  reft  of  the  Planet-,  and  hence  we  Hull  be  eafily  aflured  of 
Dr  Gregory’s  Miftake. 

XXVII.  Setting  afide  all  Attra&ion  of  the  Parts  of  Matter^  if  the 
Adtion  of  Gravity  is  directed  towards  a  Centre,  and  is  in  the  reciprocal 
Ratio  of  the  Squares  of  the  Diftances,  the  Ratio  of  the  Axes  of  the 
Spheroid  will  then  be  that  of  576  to  577  :  And  the  Gravity  at  the  Pole, 
is  Greater  than  at  the  Equator  by  nh.th  Part,  or  thereabouts.  Which 
may  be  a  Confirmation  of  what  is  here  advanced,  efpecially  to  fuch  as 
will  nor  be  at  the  Pains  of  going  through  the  foregoing  Calculations. 
For  we  may  confider  the  Spheroid  now  mentioned,  in  which  Gravity 
afts  in  a  reciprocal  Ratio  of  the  Squares  of  the  Diftances,  as  compofed 
of  Matter  of  fuch  Rarity,  in  refpeft  of  that  at  the  Centre,  that  the 
Gravity  is  produced  only  by  the  Attraction  of  the  Centre  or  Nucleus. 

XXVIII  In  the  foregoing  Calculations,  in  order  to  find  the  Axes 
of  our  Spheroids,  and  to  know  whether  their  Figure  makes  a  fenfible 
Approach  to  that  of  the  conical  Ellipfis,  we  have  had  Recourfe  to  this 
Principle,  that  Gravity  ought  always  to  aft  in  a  Direftion  perpendicular 
to  the  Surface.  Two  Reafons  have  prevailed  with  us  to  make  ule  ot 
this  Principle  rather  than  the  other,  which  confifts  in  the  Equilibrium 
of  the  Columns.  The  firft  is,  becaufe  the  Calculations  founded  thereon 
are  more  Ample.  The  fecond  is,  that  confidering  the  ftate  of  the  aftual 
Solidity  of  the  Earth,  it  fhould  feem  as  if  this  Principle  were  the  more 
indifpenfably  neceflary.  However,  becaufe  Sir  I.  Newton,  and  all 
the  other  Philofophers,  who  have  treated  about  the  Figure  of  the 
Earth,  have  taken  it,  as  it  were,  at  it’s  firft  Formation,  at  which  Time 
they  fuppofe  it  to  have  been  fluid  i  we  fltall  here  make  the  fame 
Suppofition,  and  we  lhall  affume  no  other  Ratio  for  that  of  the  two 
Axes,  than  that  of  the  Spheroid,  which  refults  from  a  Coincidence  ot 

thefe  two  Principles.  .  ,  r 

We  (hall  begin  by  inquiring  what  is  the  entire  Weight  or  any 

Column  C  N  To  do  this  we  muft  refume  the  Expreffion  of  the 

Attraftion  in  any  Point  M  of  the  Column  C  N ;  then  multiply  it  by 

r~t-xr,  and  by  the  Denfity  fr*  -\-gr\  and  afterwards  we  muft  find 

the 
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for  the  total  Gravity  of  any  Column  i 
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C  N4  having_Regard  only  to  the  Attraction.. 

XXIX.  If  in  this  Expreffion  we  make  a  ~oy  we  fhallihave  the 
Gravity  of  the  Column  at  the  Pole. 

XXX.  And  if  we  make  a.~  a,  we  fhall  have  the  Aggregate  of  the. 

Attractions  of  the  Column  at  the  Equator.  ° 

XXXI.  Now  becaufe  the  Column  C  N  is  in  jf^quiUbvio  with  the  ■ 
Column  CBj  it  follows  from  thence,  that  if  we  fubtract  the  Weight  of  the 
Column  C  B,  from  the  Aggregate  of  the  Attractions  of  the  Column  C  N, 
the  Refidue  muft  be  equal  to  the  Sum  of  the  centrifugal  Forces  of  the 
Column  C  N.  Now  to  endue  our  Spheroids  with  this  Property,  we  will  1 
refume  the  Exprefiion  of  the  centrifugal  Force  in  E,  which  we  found  s 


Art.  XIV.  which  will  give 
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for  that  Part  of  the  centrifugal  Force  which  afts  according  to  CM- 
m  any  Place  M,  by  expunging  the  Terms  in  which  «  «  would  be  found  ’ 

his  Value  being  multiplyed :  by  r,  and  by  the  Denfity,  will  give. 


(when  we  have  taken  the  Huent) 
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of  the  Column  C  N,  ftill  expunging  thofe  Terms  in  which  either  «  « 
or  x  x  are  found. 
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1 .  ^  ■■  *  — —  -  -■»  which  is  the  Difference  of  the  Weight 
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of  the  Column  at  the  Pole  C  B,  from  the  Sum  of  the  Attra&ions  of  the 
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Column  CN,  we  fhall  have  the  Equation 
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- i  1  &  %  - =  0,  where  we  have  put  e  —  1 ,  for 
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the  greater  Simplicity  of  Calculation. 

_  •  ,■  XXXII.  This  Equation  informs  us,  that  when  out  of  all  the  infinite 

.fj-uTsphT-  Varieties,  which  will  be  fupplyed  by  the  Equation  of  the  Denfities 
rotii,  a,  make  __ .  ,  j  .  t  y  ’  ^  we  fhall  have  taken  at  Pleafure  all  the 

‘the  FEqui  e°f  Coefficients,  and  all  the  Exponents,  one  only  excepted  ;  if  this  laft  is 
librium  of  the  fuch  in  refpe<5t  of  the  others,  that  it  may  fulfil  the  Conditions  or  the 
Columns,  and  foreCTQ;na  Equation,  the  Spheroid,  being  fuppofed  in  a  State  of  Fluidity, 
«Me  fn  MiuiUbrio,  becaufe  it  will  unite  as  well  the  Principle  of  a 
y  f  p  perpendicular  Tendency  to  the  Surface,  as  that  of  an  Equipoife  of  the 

fevera!  Columns,  •  '  ‘  n 

XXXIII.  Before  I  conclude  this  Paper,  I  fhall  make  a  few  Re¬ 
flexions  on  the  Principles  we  have  now  made  ufe  of,  for  determining 
the  Figure  of  a  Spheroid  revolving  about  it’s  Axe. 

The  firft  Principle  which,  after  Mr  Huygens,  we  have  had  Recour  e 
to,  and  which  confifts  in  making  Bodies  gravitate  perpendicular  y 


cular  to  the 
Surface,  to 
coincide  zvith 
retch  olher^ 


Of  the  Figure  of  fuch  Planets  as  revolve  about  an  Axis,  &c, 

to  the  Surface,  feems  to  me  of  abfolute  Neceffity.  For  if  there  were 
never  fo  little  Water  upon  the  Surface  of  the  Earth,  it  could  not  be  at 
Reft,  if  it  had  a  Tendency  any  how  inclined  to  the  Surface. 

The  fecond  Principle  made  ufe  of  by  Sir  I.  Newton ,  and  which 
confifts  in  an  Equilibrium  of  the  Columns  C  E,  C  N,  C  P,  could  be 
thought  neceffary  (I  think)  only  for  thefe  two  Reafons  :  The  firft  is 
that  which  is  ufually  affigned,  that  at  the  firft  Formation  of  the  Earth, 
it  was  probably  in  a  State  of  perfed  Fluidity  ;  in  which  cafe  it  muft 
acquire  fuch  a  Figure,  as  will  refult  from  the  Equilibrium  of  the  Co¬ 
lumns,  and  from  the  Gravitation  ading  perpendicularly  to  the  Surface. 
Indeed  though  this  Reafon  has  a  Degree  of  Plaufibility,  yet  there  are 
many  who  think  it  to  be  of  fmall  Force.  Perhaps,  fay  they,  the 
Earth  has  never  been  in  this  fluid  Condition. 

The  fecond  Reafon,  which  I  believe  will  have  a  greater  Weight  with 
every  Body  is  this.  Confidering  the  Earth  as  it  is  at  prefent,  and 
without  carrying  our  Thoughts  fo  far  back  as  to  it’s  Formation,  if  the 
Ocean,  which  is  now  upon  it’s  Surface,  has  any  confiderable  Depth, 
and  if  it’s  Parts  preferve  a  Communication  with  each  other,  from  Re¬ 
gion  to  Region,  by  fubterraneous  Canals  *,  it  can  only  keep  an  Equili¬ 
brium  by  this  Means,  becaufe  it’s  Superficies  is  the  fame  as  it  would 
have,  were  the  whole  a  Fluid. 

XXXIV.  This  fecond  Reafon  has  fuggefted  a  Reflexion  to  my  Mind, 
concerning  the  Equipoife  of  the  Columns  now  calculated,  Art.  XXXI. 
and  XXXII;  Let  us  firft  fuppofe,  that  the  Earth  is  our  fluid  Sphe¬ 
roid,  compofed  of  Beds  of  different  Den fi ties  •,  and  that  afterwards  this 
Fluid  hardens  into  a  Solid,  fo  that  the  different  Beds  or  Strata ,  of 
which  it  is  made  up,  are  of  no  other  Ufe  but  to  caufe  a  Gravity  by 
their  Attractions.  Then  let  us  fuppofe,  that  the  Seas  and  great  Wa¬ 
ters  about  the  Earth  have  a  Communication  with  each  other,  by  means 
of  fome  fubterraneous  Canals.  As  the  Waters  of  the  Sea,  which  unite 
with  one  another,  are  -probably  homogeneous,  the  foregoing  Calcula¬ 
tion,  wherein  we  have  confidered  the  Spheroid  as  a  Fluid,  can  no  lon¬ 
ger  take  Place,  becaufe  we  have  there  fuppofed,  that  the  Fluid  con¬ 
tained  in  the  Canal  B  C  N  is  of  a  Denfity,  that  varies  from  the  Center 
to  the  Circumference.  From  hence  it  feems  to  me,  we  muft  under¬ 
take  the  Computation  of  the  Equilibrium  of  the  Columns  after  ano¬ 
ther  Manner,  thus  : 

We  muft  examine  whether  two  Canals,  as  C  N  and  B  C,  which  are 
filled  with  a  homogeneous  Fluid,  will  be  in  Mquilibrio ,  all  the  other 
Parts  of  the  Spheroid  continuing  as  above. 

^  XXXV.  To  do  this,  we  will  begin  with  finding  the  Gravity  of  any 
Column  C  N,  arifingfrom  Attraction  alone.  Firft,  then,  we  muft  re-  Fig. 
fume  the  Exprefiion  of  the  Attraction  in  any  Point  M,  Art.  VII. 

Then  we  muft  multiply  it  by  r  - j-Ar,  which  will  give 
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&c.  And  taking  the  Fluent  of  this  Quantity,  we 
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vitv  of  the  whole  Column  C  N.  „  ,  , _  _ 

XXXVI.  If  in  this  Value  we  make  x  =  o,  we  mail  have  the  Gra¬ 
vity  of  the  Column  at  the  role.  .  ~  ,  . 

XXXVII.  And  if  we  fubtraCt  the  Gravity  of  the  Column  at  the 

Pole  from  the  whole  Sum  of  the  Attractions  of  the  Column  C  N,  we 


Ihall  have 
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_  ,  which  mult  be  equal 

to  the  Sum  of  the  centrifugal  Forces  of  the  Column  C  N,  in  order 
that  the  Columns  C  B  and  C  N  may  be  in  JEquilibrio. 

But  we  Ihall  find  this  really  to  obtain,  if  we  refume  the  Quantity 

o  r  o  .  p.  .  1  “h  ?  \ 

8  c  Lj— - -  i  .  —  — — — ~  ,  which  exprefies  (Art, 
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XXX L)  that  Part  of  the  centrifugal  Force  in  M,  which  a£ts  accord¬ 
ing  to  C  M.  Then  multiplying  this  Expreffion  by  r,  and  feeking  the 
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Fluent,  we  fhall  have  — -  — r- 
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A^Eretyate  of  the  centrifugal  Forces  of  the  Column  C  N.  And  this i  be- 
ina  the4ame  as  the  foregoing,  ffiews,  that  the  Columns  C  B  and  C  N 
are  in  ^Equilibria,  fuppofing  them  to  be  homogeneous  ;  nor  are  we 
here  obliged,  as  in  Art.  XXXII.  where  we  confider  them  as  hetero¬ 
geneous,  to  fuppofe  the  Coefficients  f  p,  &c.  to  have  any  certain  Re- 

iation  among  one  another.  ^  .  . 

XXXV III.  Perhaps  it  may  be  urged,  that  the  foregoing  Calculus 

,  agrees  only  to  a  Canal,  asB  C  N,  which  paffes  through  the  Center  , 

and  that  we  ought  to  prove,  in  the  fame  Manner,  that  the  Water  in- 

2  eluded 


Of  the  Figure  of  fuch  Planets  as  revolve  about  an  Ascis ,  &c, 

eluded  in  any  other  Canal  p  q  r  would  obferve  an  /Equilibrium,  But 
it  appears  to  me,  that  this  Property  may  be  derived  from  the  former  : 
For  it  follows  from  the  foregoing  Calculation,  that  if  we  might  be  al¬ 
lowed  to  make  this  Hypothefis,  viz.  That  independently  of  the  At- 
tradion  of  any  Matter,  the, Gravity  at  any  Diftance  C  N  from  the 
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&c.  it  is  plain 


from  thence,  that  a  Mafs  of  the  homogeneous  Fluid,  which  fliould 
turn  about  the  Axis  C  B,  would  a  Hume  the  fame  Form  as  that  of  our 
heterogeneous  Fluids.  But  if  this  Spheroid  fhauld  then  put  on  a  fixed 
State,  except  only  forne  Canal  p  q  r,  the  Water  in  this  Canal  would  be 
in  /Equilibrio  ;  for  without  this,  the  Spheroid  could  not  be  efteemed 
as  having  arrived  to  it’s  fixed  State.  But  this  Suppofiton  comes  to  the 
fame  as  that  of  our  heterogeneous  Spheroid,  compofed  of  elliptical  Beds, 
in  which  fliould  be  found  a  Canal  p  qr  of  a  homogeneous  Fluid  ;  pro¬ 
vided  that  the  Space,  which  this  Canal  pofteffes  in  the  Globe,  be  not 
of  fo  large  an  Extent,  as  to  change  the  Law  of  Attradion. 

The  only  three  Planets,  in  which  we  can  be  allured  of  Gravitation, 
and  the  centrifugal  Force,  are  the  Sun,  Jupiter  and  the  Earth.  As  to 
the  Sun,  the  centrifugal  Force  is  there  fo  final!,  in  refped  of  ids  Gra¬ 
vity,  that  his  Poles  rnuft  be  very  little  depreffed,  fo  that  we  cannot 
be  fenfible  of  it  by  Obfervation.  Then  as  to  Jupiter,  Obfervations 
make  him  fomething  lefs  flat  than  according  “to  Sir  I.  Newton  •,  that 
is  to  fay,  than  if  he  were  compofed  of  Matter  of  an  uniform  Den- 
fity.  Therefore  by  the  foregoing  Theory,  he  rnuft:  be  a  little  more 
denfe  towards  the  Center,  than  at  the  Parts  near  the  Superficies.  We 
might  make  a  thoufand  Hypothefes  about  the  Manner  of  diftributing 
the  ^Inequality  of  Denfity,  proceeding  from  the  Center  towards  the 
Circumference,  which  would  all  agree  with  the  Figure  obferved,  and 
which  are  very  eafy  to  calculate  by  the  Principles  here  laid  down. 

As  to  what  concerns  the  Earth,  I  fliall  wait  till  we  receive  the  Ob¬ 
fervations  which  rnuft  have  been  lately  made  in  Peru  ;  that  by  compa¬ 
ring  thofe  with  what  Obfervations  we  have  made  under  the  ardick  Circle, 
and  with  thofe  of  Mr  Picart  in  France,  we  may  have  the  true  Diffe¬ 
rence  of  the  Earth’s  Diameters  at  the  Equator  and  at  the  Poles.  Then 
our  Theory  may  be  applied,  to  determine  whether  the  Earth  is  more  or 
lefs  denfe  at  the  central  Parts  than  at  the  Surface,  or  whether  it  be 
every-where  of  an  uniform  Denfity,  as  it  ought  to  be,  if  (without  ad¬ 
mitting  very  grofs  Errors  in  the  Obfervations)  it  may  be  concluded, 
that  the  Earth  is  really  the  Spheroid  of  Sir  I,  Newton  j  and  this  Cafe 
would  be  the  fimpleft  and  the  moft  natural  of  all, 
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0/  the  Figure  of  fuch  Planets  as  revolve  about  an  Axisy  &c. 

1  am  here  obliged  to  acknowledge,  that  if  the  Obfervations  we  have 
made  in  the  North  may  be  relied  upon,  and  if  we  mud  admit  as  in- 
contedible  as  well  the  Meafure  of  a  Degree  as  the-  Length  ot  the  Pen¬ 
dulum,  the  foregoing  Theory  could  not  be  reconciled  to  the  Phreno - 
tiomena.  For  it  follows  from  our  Obfervations,  that  the  Diameter  of 
the  Equator  mud  exceed  the  Earth’s  Axis  by  more  than  *75  Part  : 
And  that  the  Gravity  at  the  Pole  mud  be  greater,  than  that  at  the  E- 
quator  by  more  than  ~Q  Part  likewife;  which  will  by  no  means  agree 

with  what  we  have  deduced  in  Art.  XXIII. 

As  to  what  concerns  the  Meafure  of  Gravity  in  Lapland^  as  being 
not  fo  liable  to  Error  as  the  meafuring  a  Degree  *,  the  Earth  may  be 
not  quite  fo  flat  as  Sir  Ifaac* s  Spheroid  requires.  By  the  Table  of  the 
Length  of  the  Pendulum,  exhibited  in  the  Treatife  concerning*  the 
Figure  of  the  Earth,  publifhed  this  Year  by  M.  de  Maupertuis ,  and  by 
Arc.  XXII.  of  the  prefent  Difcourfe,  the  Earth  may  be  more  elevated 
at  the  Equator  than  at  the  Pole  by  the  Part,  or  thereabouts.  Alter 
the  true  Quantity  of  the  Earth’s  Flatnefs  fliall  be  fully  fettled,,  if  it 
fhould  be  found  to  have  this  Figure,  I  fhould  be  apt  to  think  it  is  a 
little  more  denie  at  the  Center  than  towards  the  Superficies.  But  if,  on 
the  contrary,  we  fhould  be  well  afcertained,  that  the  Earth  is  railed  higher 
at  the  Equator  than  at  the  Pole,  by  above  the  ~  Part  •,  and  if,  for  any 
fufficient  Reafon,  we  may  fomething  fhorten  the  Length  of  the  Pendu¬ 
lum  that  beats  Seconds  in  the  North  •,  there  would  be  fome  Grounds 
to  allow,  that  the  Earth  is  not  fo  denfe  at  the  central  Regions  as  at 
thofe  near  the  Surface.  But  if  it  fliall  happen,  that  we  can  neithei  di- 
minifh  the  Length  of  the  Pendulum,  nor  the  Excefs  of  the  Equatorial- 
Diameter  above  the  Axe,  I  mud  then  give  up  my  Tiypotnens. 

X.  The  Diameter  B  A  of  the  Semicircle  B  M  A,  touching  the  Cir¬ 
cumference  in  the  Point  B,  fo  as  always  to  pafs  over  the  Point  A,  will 
ce n crate  the  Curve  in  quedion.  from  the  Gcnejt s  it  appeals, 

0  1.*  That  D  A  a,  perpendicular  to  A  B  is  equal  to  double  the  Dia¬ 
meter. 

•  2.  That  the  Periphery  of  this  Curve  A  D  N  ««NA  will  termi¬ 
nate  in  A. 

We  may  call  this  Curve,  from  it’s  Figure,  a  Cardtoide. 

Now  through  a  and  A  draw  «  E,  A  Q,  perpendicular  to  a  A  •, 
and  E  N  perpendicular  to  a  E.  It  follows  from  the  Genefis ,  that  A  N  = 
B  A  4-  A,  and  (by  the  Similitude  of  the  Triangles  Q  AN,  MBA) 

A  CC=  BM+MP,  and  N  Qj=  M  A  +  A  P. 

This  is  the  chief  Property  of  our  Curve,  and  there  is  another,  which 
is  no  unpleafant  one,  that  the  right  Line  N  N  is  always  equal  to 
double  the  Diameter,  and  is  always  bifedled  by  tne  Ciicle  in  M. 

No-w  let  BA  -  a  aY,~x,  EN=_)',  then  QjN  =  +  2  a, 

A  N  =  C  x1  •+•  yz  — Afliy-  +  4  a‘ >  a[U  M  A  =  Zf  a  4v 
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Of  a  Curve  called  a  Cardioi’de- 
4  ay  -j-4  \  v/hich  4  Lines  being  compared  by  Analogy, 
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F#  -j-  y 

give  the  Equation  to  the  Curve, 

i  r  3  ~h  2  x2  yz 
y*  —  6  a  y  ,  „  j  3 
^  y  -j-  12  a  y 


6  a  x~  y  +  x  4 
8  Tjy  4.  3  T  # 


o. 


The  Subtangent  of  the  Curve,  according  to  the  common  Methods. 


is,  2jy4  —  9  a  y'  2  x  y~  12  A  jyz  — -  3  a  xz  y 

.1 


4  ay 


x 


6  a  x y  —  2  x y~  —  ^  ar  x  —  2  aP  y  ' 

But  a  more  eafy  Method  of  drawing  the  Tangent  may  be  deduced 
from  the  Generation  of  the  Curve.  Let  MAN  come  into  the  neareft 
Place  to  the  firft  m  A  »,  take  A  R  =  A  M,  and  A  r  =  A  N,  and 
having  joined  MR,  Nr,  draw  through  A  the  Right  Line  A  T  pa¬ 
rallel  to  them,  and  through  M  m ,  N  «,  the  Right  Lines  M  T,  n  t. 

Now  n  A  :  A  t  ::  nr  (or  ro  Rj  :  r  N  :  :  m  R  x  M  A  :  r  N  x  A  M 

:  :  m  R  x  M  A  :  M  R  x  A  N  :  :  M  A  x  A  m  :  A  N  x  A  T,  but  in  - 

the  lad  Ratio  m  A  =  M  A,  and  T  A  perpendicular  to  M  N,'  where¬ 
fore  n  A  :  A  t  :  NOT :  AN  x  AT;  now  if  from  M  be  drawn 
through  the  Center  of  the  Circle  F,  the  Right  Line  M  F,  to  be  pro¬ 
duced  till  it  meets  the  Right  Line  produced  alfo  in  G  ;  that  is,  to  the 

Periphery  of  the  Circle,  then  M  A2  =  T  A  xAG;  wherefore  n  A  : 

AT  :  :  AG:  AN;  therefore  let  a  Semicircle  be  defer  ibed  through 
G  and  N,  which  will  cut  the  Right  Line  A  T  in  /,  from  which  the 

Right  Line  /  N  being  drawn,  will  be  a  Tangent  to  the  Curve,  to  which 

alio  the  Right  Line  N  G  is'perpendicular  ;  from  hence  let  M  O 
be  joined,  to  which  draw  a  parallel  from  N  touching  the  Curve. 

Here  let  us  obferve  by  the  way,  that  this  Method  of  drawing  Tan¬ 
gents  agrees  with  moil  Curves. 

Let  A  B  be  a  Concnoide  or  Ali  comedes  :  then,  fuppoflng  the  former  Fig.  43, 

Preparation,  BP  :  P/  (or  c  r)  :  R  b  :  :  'c.  r  xC  P  ;  R  b 

x  C  P  (or  ?  Cxi  R  )  :  :  CP  :  I  P  x  P  R,  whence  the  former 
Conffru&ion  is  deduced. 

a  Line  of  a  given  Length  C  P  B,  touching  the  Right  44» 

Line  C  D  1  perpendicular  to  13  A,  at  the  Point  C,  always  pals  over 
a  given  Point  P  in,D  A,  and  fo  generate  the  Curve  A  B. 

If  you  apply  the  former  Preparation  and  Reafoomg  to  this,  you  will 
have  B  P  :  P  t  :  :  b  R  (r  c)  :  R  B  :  :  c  r  x  C  P  :  R  B  x  C  P  /R  P 
x  r  C)  :  :  C  P  :  B  P  x  P  T,  as  before. 

But  the  Method  de  maximis  &  minimis  gives  the  great  til  Ordinate 

0  a  a 

4  ’  anc1< 5  Abfcils  =  -7-  p  n  .  In  the  fame  Manner  the  great-- 

ell  Abfcifs  might  be  inve (ligated  ;  but  this  would  be  tedious  ;  there  - 
fore  feek  it  thus. 

B  tea  life  E  N  ira  Tangent  to  the  Curve,  the  Right  Line  M  G  Fig. '42; 
oravvii  from  the  Point  M  thro’  the  Center  F  determines  the  Point  G, 

from 


A  Rule  for  finding  the  meridional  Parts ,  See. 

from  which  G  N  being  drawn  is  perpendicular  to  E  N,  therefore  alfo 
to  A  a ,  by  the  Hypothefis,  but  N  Q_=  A  V  =  M  A  +  A  P  •,  there¬ 
fore  V  P  =  M  A  ;  but  B  A  :  A  M  :  :  M  A  :  A  P  ;  therefore  B  A  : 

P  V  •  :  Y  P  :  P  A  ;  but  P  F  =  F  V  .=  a  —  2  z  ■,  and  therefore  a  :  a 
'  \  a 

_ _ 2  z  :  :  a  —  2  z  :  z.  Hence  is  eafily  deduced  2;  -  ^ ,  E  L 

A  Qj=  —  %/'  3.  Here  we  muft  obferve,  that  the  fame  Point 


M,  which  affords  in  the  Right  Line  N  A  M  N  the  Point  of  the 
greater  Ordinate,  affords  alfo  the  Point  of  the  greater  Abfcifs. 

XI.  It  was  demonftrated  long  ago,  tnat  in  a  Sphere  the  fsautical 

minjLte.  Meridian  Line  is  a  Scale  of  logarithmic  Tangents  of  the  half  Com- 
ridional  Parts  plements  of  the  Latitudes.  The  fame  may  be  computed  with  no  lefs 
to  any  Sphe-  £xa&nefs  to  any  Spheroid  by  the  following  Rule. 
void,  with  the  Let  the  Semidiameter  of  the  Equator  be  to  the  Diftance  of  the  Fo- 

^nefs  as~Tna  cits  of  the  generating  Ellipfe  from  the  Center  as  m  to  1.  Let  A  re- 
Sphere,  by  prefen  t  the  latitude  for  which  tne  meridional  Parts  are  required,  s 

Colin  Mac  sine  of  this  Latitude,  the  Radius  being  Unit  ;  imd  the  Ark  B, 

Laurin,  F.  R. 

S.  Communi-  h  f  sine  is  —  .  take  the  logarithmic  Tangent  of  half  the  Comple- 

cated  by  An-  “  Wl  0 

ment  of  B  from  the  common  Tables;  fubtradt  this  logarithmic  Tan- 
No!  461.  P.’  gent  from  10.000000,  or  the  logarithmic  Tangent  of  450  ;  multiply 

808.  Ju?.  70  r  £.70A a678q78  _  _  _  . 


c&c.  1741. 

the  Remainder  by  — — —  ,  &c.  and  the  Produci  fubtracled 

m 

from  the  meridional  Parts  in  the  Sphere,  computed  in  the  ufual  man¬ 
ner  for  the  Latitude  A,  will  give  the  meridional  Parts  expreffed  in 
Minutes  for  the  fame  Latitude  in  the  Spheroid,  provided  it  is  oblate. 
When  the  Spheroid  is  oblong,  the  Difference  of  the  meridional  Parts 
in  the  Sphere  and  Spheroid  for  the  fame  Latitude,  is  then  determined 
by  a  circular  Ark  ;  but  it  is  not  neceffary  to  deferibe  this  Cafe  at  pre- 
fent. 

Example  :  If  m  m  :  i  : :  1000  :  22.  then  the  greateft  Difference  of 
the  meridional  Parts  in  the  Sphere  and  Spheroid  is  76,0929  Minutes  : 
In  other  Cafes  it  is  found  by  multiplying  the  Remainder  abovemen- 
tioned  by  1174.078. 
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Of  the  Combination  of  the  franfparent  Lens's,  See. 


in 


CHAP.  II. 


o  p  r  i  c  k  s. 


I.  T  £  two  Lens’s  of  equal  focal  Length  be  put  together  in  the  Form  a  Vropofititm 
A  of  a  Telefcope,  and  a  Plane  Speculum  be  placed  before  one  of  relating  to  the 
them,  fo  that  the  Axis  of  the  Telefcope  make  any  Angie  with  it’s  Combination  of 
Surface,  and  a  Ray  of  Light  (the  Line  of  whofe  Diredion  lies  in  a  TfnfParent 
Plane^  perpendicular  to  that  Surface,  and  palling  through  the  Axis  of  RefePiT 
the  TelefcopeJ  fall  on  it,  and  be  refleded  from  it,  fo  as  to  pafs  thro’  Planes.  By 
the  Telefcope  *,  then  the  Line  of  it’s  laft  Diredion,  after  palling  the  -f  Hadle^» 

Telefcope,  will  make  an  Angle  with  that  of  it’s  firft  Diredion,  before  Y^Commu- 

its  Incidence  on  the  Speculum,  very  nearly  equal  to  double  the  Angle  nicated)  an.  9, 
made  between  the  Axis  of  the  Telefcope,  and  the  Surface  of  the  Spe»  1734-  ^°. 
culum.  440.  p.  185. 

^  Let  the  Line  F  G  be  the  common  Axis  of  the  two  Lens’s  I  D  and 
K  E,  ot  equal  focal  Lengths  ;  to  which  Jet  the  Lines  A  D,  D  B  and  /'  * 

B  E,  be  each  equal  \  and  let  a  Ray  of  Light,  iffuing  from  a  Point  in  FjV.  45* 

tne  Axis  F,  fall  on  the  Lens  I  D  at  I,  and  be  there  refraded  into  the 
Line  I  G,  cutting  the  Axis  in  G,  and  meeting  the  Lens  K  E  in  K, 
where  let  the  Ray  be  again  refraded  into  the  Line  K  FI,  cutting  the 

a  fore  fa  id  Axis  in  H  :  The  Angles  I  F  D  and  K  H  E  are  very  nearly 

equal. 

It  is  known  from_  Dioptricks,  that  the  Lines  F  I,  I  G,  K  H,  and  Demonic 
P  G,  are  all  in  the  lame  Plane  ;  and  by  the  Conflrudion  the  Lines  tion. 

A  D,  D  B,  and  B  E  are  equal  ;  and  by  Prop .  20  of  Huygens's  Biop- 

tricks,  the  .Lines  FA,  F  D,  and  F  G  are  continually  proportional  •, 
and  confequentiy  F  A:  A  D  :  :  F  D  :  D  G,  and  dividing,  F  A  :  A  D 
V  £  &  -  ^  ^  ( =  A  D )  :  DG  —  AD  (  =  BG.  )  Therefore 
n  *  ^  P  **  *  ;  P  .By  the  fame  Propofition ,  the  Lines  B  G, 

G  are  alio  continually  proportional,  and  BE  ( =  AD] 

L. f f  ^:EG.  Hence  it  follows,  that  the  Lines  F  D,  D  G, 

H  H,  EG,  are  Proportionals.  But  as  F  D  is  to  D  G,  fo  is  the  Tan- 

tl5C  ^ngle  I  G  D  or  K  G  E  to  the  Tangent  of  the  Angle 
^  P  ’  anc^  as  E  ^  ,s  to  E  Gr,  fo  is  the  Tangent  of  the  Angle  K  G  E 
1,unSent  °fthe  Angle  KH  E.  The  Tangent  of  the  Angle 
,  *  t,aeretore  has  the  fame  Proportion  to  the  Tangents  of  each  of 

tne  Angies  I  F  D  and  K  H  E,  and  confequentiy  thofe  Angles  are 

,  }n  ^emonfiration  of  the  above-cited  Prop,  of  Huygens , 

tne  Fhicknds  of  the  Lens’s  are  negleded,  and  the  Diflance  of  the 
oints  I  and  K,  from  the  Line  F  G,  fuppofed  very  fmall  ;  fo  that  if 

either- 


HZ 

fig.  4'-7* 


Demonllra- 

■tion. 


Of  the  Combination  of  the  Lf  a  nfpafent  Lens  s ,  &c. 

either  of  thofe  are  too  great,  there  may  arife  a  fenfible  Difference  be- 

tween  the  Angles  I  F  D  and  KHE, 

Let  D  F  and  C  G  reprefent  the  two  Lens’s  put  together  as  before, 

having  their  common  Axis  in  the  Line  E  L,  and  B  N  a  plane  Specu¬ 
lum  to  which  that  Line  is  inclined  in  the  Angle  G  FI  N,  an  et  >. 
be  a  Ray  of  Light  falling  on  the  Speculum  at  B,  as  is  before  expre fled, 
and  let  it  be  there  reflected  towards  the  Point  C  of  the  Lens  LG, 
where  it  is  refradted  towards  the  Point  D  of  the  Lens  D  F,  and  there 
again  refradled  into  the  Line  D  E,  cutting  the  Axis  in  E.  1  he  Angle 
AO  P  contained  between  this  laft  Line  D  E,  continued  backwards, 
and  the  firft  Line  of  Incidence  of  the  Ray  A  R,  will  be  very  nearly 
equal  to  double  the  Angle  of  Inclination  of  the  Axis  01  the  Lens  s 
E  L  to  the  Plane  of  the  Speculum  B  N  ;  i.  e.  double  the  Ang  e 

G  H  N 

Produce  the  Lines  of  Incidence  and  Reflection  of  the  Ray  A  B  and 
B  C,  till  they  meet  the  Axis  of  the  two  Lens’s  in  I  and  L  j  and  thro9 
the  Point  B  draw  B  K  perpendicular  to  the  Plane  of  the  Speculum,  and 
cutting  the  fame  Axis  in  K,  the  Angles  KB  L  and  K  B  I  are  equal. 
The  Angle  K  L  B  is  the  Difference  of  the  Angles  I  K  B  and  KBL5 
and  the  Angle  H  I  B  is  the  Sum  of  the  Angles  IKB  and  K  B  I  (  = 
K  B  L  )  :  Therefore  the  Angle  I  K  B  is  equal  to  half  the  Sum  of  the 
Angles  FI  I  B  and  K  L  B.  But  by  the  foregoing  Lemma ,  the  Angles 
K  L  B  and  FED  are  very  nearly  equal.  Therefore  the  Angle  IK  B 
is  nearly  equal  to  half  the  Sum  of  the  Angies  FI  I  B,  and  FED, 
that  is  to  half  the  Angle  FOB,  and  it’s  Complement  BHIorGHN 
is  nearly  eoual  to  half  the  Angle  A  O  P  the  Complement  of  P  O  B  to 
1  Se  m  i  c  1  r  c  1  e  *  E*  >  D . 

If  the  firft  Incidence  of  the  Ray  be  fuppofed  to  be  in  the  Line  ED, 
it  will  proceed  in  the  fame  Track  as  before,  but  with  the  contrary  Di- 
re&ions  *,  fo  that  the  Angle  E  O  B  made  between  the  fiift  incident 
Ray  and  the  laft  reflefted,  will  ftill  be  equal  to  the  Double  of  G  H  N, 


as  before.  -  • 

It  is  evident  that  on  this  Principle  an  Inftrument  might  be  conftruft- 
ed,  the  Effefls  of  which  would  in  a  great^  Meafure  refemble  thofe  of 
that  before  mentioned  *  :  But  it  would  be  liable  to  the  Errors  anting 
both  from  the  fpherical  Figure  of  the  Lens’s,  and  alfo  the  different 
Refrangibility  of  the  Rays  of  Light,  When  the  Objeft  is  feen  at  a  Di- 
ftance  from  the  Axis  of  the  Telefcope  ;  altho’  tnofe  Errors,  by  a 
proper  Difpofition  of  the  Parts  of  the  Inftrument,  may  be  reduced  to  a 
very  fmall  Quantity.  However,  for  this  Reafon,  and  alfo  becaufe  the 
Inftrument  feemed  to  me  to  be  attended  with  greater  Inconveniencies, 
both  in  it’s  Conftruftion  and  Ufe,  than  the  other,.  I  have  not  thought 
it  necefiary  to  give  any  more  particular  Defcription  of  it. 


*  .See  Vol.  VI.  p.  139. 
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31.  The 


Of  improving  and  perfecting  Catadioptrical  Telefcopes, 

II.  The  I m perfections  of  Telefcopes  are  attributed  to  two  Caufes  *, 
The  Unfitnefs'of  the  Spherical  Figure  to  which  the  Glaffes  are  ufually 
ground,  and  the  different  Refrangibility  of  the  Rays  of  Light. 

The  firft  of  thefe  Defedls  only,  was  known  to  the  Writers  of  Diop¬ 
trics,  before  Sir  I.  Newton  *,  for  which  Reafon  (as  he  informs  us 
himfelf  *,  they  4  imagined,  that  Optical  Inflruments  might  be  brought 
‘  to  any  Degree  of  Perfection,  provided  they  were  able  to  communicate 
4  to  the  Glaffes,  in  grinding,  what  Geometrical  Figure  they  pleafed  ; 
c  to  which  Purpofe  various  Mechanical  Contrivances  were  thought  of, 
c  whereby  Glaffes  might  be  ground  into  Hyperbolical,  or  even  Para- 
«  bolical,  Figures ;  yet  nobody  fucceeded  in  the  exadt  Defcription  of 
4  fuch  Figures ;  and  had  their  Succefs  been  anfwerable  to  their 
‘  Willies,  yet  their  Labour  would  have  been  loft,  for  the  Perfection 
4  of  Telefcopes  is  limited,  not  fo  much  for  want  of  Glaffes  truly  figured, 
4  according  to  the  Prefcriptions  of  Optic  Authors,  (which  all  Men 
6  have  hitherto  imagined)  as  becaufe  that  Light  itfelf  is  an  heterogeneous 
4  Mixture  of  differently  refrangible  Rays ;  fo  that  were  a  Glafs  fo 
4  exactly  figured  as  to  collect  any  one  fort  of  Rays  into  one  Point, 

4  it  could  not  collet  thole  alfo  into  the  fame  Point,  which  having 
4  the  fame  Incidence  upon  the  fame  Medium,  are  apt  to  fuffer  a 
4  different  Refrat  ion  f.*  And  again, - 6  The  different  Refrangibility 

4  of  different  Rays,  is  an  obftrution  to  theperfeting  of  Optical  fnftru- 

5  ments,  either  by  Spherical  or  other  Figures  *,  and  units  the  Errors 
4  thence  ariiing,  can  be  correted,  all  the  Labour  fpent  in  correting  the 
4  reft  will  be  to  no  purpofe  J|. 

Now,  for  this  principal  and  laft-mentioned  Defet,  no  one,  that 
we  know  of,  has  propofed  any  Remedy  ;  apprehending,  perhaps,  the 
Difficulty  of  attaining  fuch  to  be  infuperable  •,  inafmuch  as  the  great 
Author  of  this  Difcovery,  himfelf,  had  not  fhewed  us  any  Method 
whereby  to  corredt  thofe  Errors  which  arife  from  this  Inequality  of 
Refradtion  ;  but  rather  difcouraged  any  fuch  Attempts,  by  declaring, 

4  that  on  this  Account  he  laid  a  fide  his  Glafs- works  **,  and  looked  upon 
4  the  Improvement  of  Telefcopes,  of  given  Lengths,' by  Refraction, 

4  as  defperate  -f*  f.9 

However,  as  it  has  been  proved  by  inconteftable  Experiments,  that 
this  Diftipation  of  the  Rays  of  Light,  from  whatever  Caufe  it  proceeds, 
in  paffing  out  of  one  Medium  into  another,  is  not  accidental  and 
irregular  •,  but  that  every  fort  of  homogeneal  Rays  whether  more  or 
lefs  refrangible,  confidered  apart,  are  refradted  according  to  fome 
conftant  uniform  and  certain  Law ;  and  as  the  removal  of  fo  great 
an  Impediment  as  this  of  unequal  Refradtion  in  the  Rays  of  Light, 
is  of  great  Importance  to  the  Science  of  Dioptrics,  and  abfolutely 
neceffary  to  it’s  further  Advancement  *,  we  have  thought  it  worthy 
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oF  a  careful  Examination,  whether,  in  fome  Cafes  at  leaft,  it  might 
not  be  ooffible  for  contrary  Refractions  fo  to  correCt  each  other’s 
Inequalities,  as  to  make  their  Difference  regular ;  and  if  this  could  be 
conveniently  effeded.  Sir  I.  Newton  has  acknowledged,  ‘  there  would 

‘  be  no  farther  Difficulty  V  .  ,  ,  , 

Now  upon  a  due  Confideration  of  this  fubjeCt,  we  have  found 
ir  nnffible  bv  proper  Methods  and  Expedients,  to  reCtify  thofe  Errors 
which  proceed  from  the  different  Degrees  of  Refrangibility  in  dif¬ 
ferent  Rays,  paffing  from  one  Medium  into  another  ;  admitting  only 
this  well-known  and  eftablifhed  Principle,  upon  which  we  ground  our 
Reafonino-,  -viz.  ‘  That  the  Sines  of  Refraction  of  Rays  differently 
‘  refrangible,  are  one  to  another  in  a  given  Proportion,  when  their 
«  sines  of  Incidence  are  equal  +•’  And  our  prefent  Defign  is,  to  fhew 
what  Advantage  this  will  yield  towards  improving  and  perfeding 
Catadioptrical  Telefcopes,  by  making  the  Speculums  of  Glafs,  inflead 

of  Metal,  in  the  following  Manner  : 

Let  A  B  C  D  E  F  reprefent  the  SeCtion  of  a  concavo-convex  Speculum, 
whofe  two  Surfaces  are  Segments  of  unequal  Spheres  ;  call  the  Radius  of 
the  Sphere,  to  which  the  concave  Side  is  ground,  a ;  and  the  Radius 
of  the  convex  Surface,  which  muft  be  quickfilvered  over,  e ;  let  B  R 
be  the  Axis  of  the  Speculum,  or  a  Line  perpendicular  to  both  the 
Surfaces  •,  and  therein  let  P  be  the  principal  Focus,  or  Point  where 
parallel  Rays  of  the  moft  refrangible  Kind  are  collected,  by  this 
Speculum-,  and  Q^the  Focus,  or  point  of  Concourfe,  of  fuch  Rays 
as  are  leaft  refrangible  ;  to  wit,  after  they  have  fuffered  two  RefraCtions, 
at  entering  into,°and  palling  out  of,  the  concave  Surface  D  E  F,  and 
alfo  one  Reflection  from  the  convex  Surface  ABC:  If  the  Radius  of 
Concavity  be  greater  than  the  Radius  of  Convexity,  as  we  will  in  the 
firft  Place  fuppofe,  then  P  will  fall  nearer  the  Vertex  of  the  Speculum 
than  the  Point  Qj  and  the  Interval  Q__P  will  be  the  greateft  Aberration, 
©r  Error,  occafioned  by  the  Separation,  or  unequal  RefraCtion,  of  the 
greateft  and  leaft  refrangible  Rays,  after  their  Emergence  from  the 
concave  Surface  FED.  Call  the  common  Sine  of  Incidence,  n  ;  the 
Sine  of  RefraCtion  of  the  leaft  refrangible  Rays  out  of  a  denfe  Medium 
into  a  rarer,  «;  and,  of  the  moft  refrangible,  ft;  then,  according  to 
the  known  and  received  Laws  of  RefraCtion  and  Reflection,  the  F'ocal 
Diftance  of  the  moft  refrangible  Rays,  from  the  Vertex  of  the  Speculum, 
(neglecting  it’s  Thicknefs,  as  of  little  or  no  Moment  in  the  prefent  Cafe) 


will  be  found 


n  a  e 


(a  —  e)  2  ft  -j-*  2  n e 


P  B.  And  the  Quantity  of  the 


greateft  Aberration,  occafioned  by  the  different  Refrangibility  of  the 
moft  and  leaft  refrangible  Rays,  P  CL?  will  be  to  the  focal  Diftance  juft 
mentioned,  PB,  as(;z  —  r(x(f<.  —  m)to(a  e)m-^-en%  which 

»  Phil.  Travf.  No.  88.  t  Opt.  Ed.  z.  p.  66. 
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Quantity,  or  Error,  thus  obtained,  (to  abbreviate  the  Calculation) 
call  e*,  and  now  let  it  be  required  to  form  a  Lens,  if  poffible,  which 
placed  at  fome  given  Point  in  the  Axis  between  the  Focus  of  the  moft 
refrangible  Rays  P,  and  the  Vertex  of  the  Speculum  (as  H),  (hall 
refradt  not  only  the  Rays  of  the  moft  refrangible  Kind  tending  to  the 
Point  P,  but  alfo  the  Rays  of  the  lead  refrangible  Kind  tending  to  Q, 
in  fuch  a  Manner,  that  both  Sorts  fhall  concur,  after  fuch  Refraction, 
in  fome  other  Point  of  the  Axis  Rj  let  H  P  the  given  Diftance  of  the 
Point  in  the  Axis  H,  from  the  Focal  Point  P,  be  called  d ;  and  then 
if  the  Point  H  has  been  affumed,  fo  that  the  faid  given  Quantity,  or 

Diftance,  d9  is  greater  than  - - —L.*  but  lefs  than  - •,  I  fay 

(a  — •  m  [a  • — •  m  J 


the  refradting  Superficies  G  H  I,  that  fiiall  perform  what  was  required, 

will  be  part  of  a  concave  Sphere,  whofe  Radius  is  =  ZT,  ihf 

m  e  — ‘(/a  —  m)  d  5 

and  HR,  the  Diftance  of  the  given  Point  H,  from  R,  the  Point  to 
which  all  the  Rays  will  tend,  after  Refradtion  at  the  faid  concave 
Surface,  (whofe  Radius  being  found,  as  above,  we  call  u)  will 


t* 


( d~\~v)n 


•  .  Laftly,  upon  the  Point  R  thus  obtained. 


as  a 


Centre,  with  an  Interval  a  little  lefs  than  H  R,  defcribe  the  circum¬ 
ference  KLM,  and  the  Figure  GHIMLK  will  denote  the  Sedlion  of 
a  double  concave  Lens,  which,  placed  at  the  given  Point  in  the  Axis  H, 
(taken  neverthelefs  within  the  Limits  above-mentioned)  will  colledt 
all  Sorts  of  Rays  proceeding  from  the  Speculum,  into  one  and  the 
fame  Focus,  or  Point  of  the  Axis,  R,  as  was  required  ;  for  the 
Surface  G  H  I,  which  firft  receives  thofe  Rays,  will  refradt  the  moft 
refrangible  Sort  converging  to  the  Point  P,  and  alfo  the  Jeaft 
refrangible  converging  towards  Q,  fo  that  both  Sorts,  after  fuch 
Refradlion,  will  concur  in  the  Point  R  •,  but  the  Rays  tending  to  R, 
5tis  manifeft,  will  fuller  no  Refraction  at  their  Emergence  from  the 
Superficies  K  LM,  becaufe  R  is  the  Centre  thereof,  by  Conftrudlion  ; 
which  Point,  R,  where  a  perfect  Image  of  an  Object  infinitely  diftant 
will  be  formed,  we  call  the  Focus  of  the  Telefcope,  to  diftinguifh  it 
from  the  Point,  P,  which  we  have  before  called  the  Focus  of  the 
Speculum. 

In  this  manner  a  Lens,  (or  inftead  thereof  a  triangular  Prifm  with 
two  of  it’s  Sides  ground  concave,  and  the  third  plain,  if  that  be  found 
as  praticable)  may  be  formed  and  fituated,  fo  as  to  corret  the 
Errors  of  the  Speculum  arifing  from  the  different  Refrangibility  of 
the  Rays  of  Light.  But,  in  order  to  render  this  kind  of  Telefcopes 
abfolutely  perfect  in  their  Conftrudlion,  the  Errors  alfo  that  refult  from 
the  fpherical  Figure  muft  be  redlified  ;  and  with  regard  to  this,  we 
affert,  that  it  is  poffible  to  affume  a  Point  in  the  Axis,  between  the 

0^2  Focus 
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Focus  of  the  Speculum  and  it’s  Vertex,  (as  we  have  taken  the  Point  H, 
in  the  following  Example*)  at  which,  if  a  refracting  Superficies,  or 
Lens,  be  conftituted,  according  to  the  Method  already  delivered, 
it  will  not  only  correct  the  Errors  occafioned  by  the  unequal  RefraCtion 
of  the  Rays  of  Light,  but  alfo  reCtify  fuch  as  proceed  from  the  fpherical 
Figure  of  this  Speculum,  to  a  much  greater  Degree  ol  ExaCtnefs  than 
is  "requifite  for  any  Phyfical  Purpofe  (meaning  always  the  Errors  of 
thole  Rays  which  refpeCt  the  Axis).  Now  to  find  or  determine  this 
Point,  affords  a  Problem  not  eafy  to  be  folved  ;  and  we  recommend  it, 
as  worthy  of  the  Confideration  of  Geometricians. 

Seeing  therefore  it  is  poffible,  and  we  believe  alfo  practicable,  to 
remedy  the  Imperfections  of  this  kind  ol  Speculums,  (from  whatfoever 
Caufe  they  arife)  by  the  Method  we  have  here  propofed  •,  it  feems  to 
follow,  that  Catadioptrical  Telefccrpes  may  be  carried,  by  this  means, 
to  as  great  a  Degree  of  Perfection,  as  they  are  capable  of  receiving  *, 
provided  fpherical  Figures  can  be  truly  communicated,  with  an  ex- 
quifite  Polifli,  to  Glafles  of  a  large  Aperture,  and  a  Foil  of  Quickfiiver 
made  alfo  to  retain  that  Figure  accurately,  and  without  any  Inequality  ; 
for  the  Objedt-Glafs  or  Speculum  being  rendered  perfeCt,  fo  as  that  all 
forts  of  Rays,  proceeding  from  one  lucid  Point  in  it's  Axis,  fhall 
be  collected  by  means  of  the  Lens  exaCtly  in  another  Point,  it’s  Aperture 
may  then  be  extended  to  it’s  furthefl  Limits  ;  and  that  is,  till  the  whole 
Pupil  of  the  Eye  (or  the  whole  Portion  of  the  Eye-GJafs  to  be  ufed, 
when  that  becomes  necefifarily  lefs  than  the  Pupil)  be  filled  with  Rays 
proceeding  from  the  Speculum,  and  flowing  irorn  one  Point  of  the 
ObjeCf,  but  no  farther-,  becaufe  this  is  a  Limitation  made  by  Nature 
in  the  Structure  of  the  Eye  itfdf :  And  in  Telefcopes  whole  ConftruCtion 
is  fuch  as  we  have  now  deferibed,  the  largeft  Aperture  of  the  Speculum 
that  can  ever  be  of  Ufe,  will  be  to  the  Diameter  of  the  Pupil  of  the 
Eye,  very  nearly,  in  a  Ratio  compounded  of  the  Ratio's  of  the  Focal 
Length  of  the  Speculum  to  the  Biftance  of  that  Focus  from  the  Lens, 
and  of  the  Diftance  of  the  Lens  from  the  Focus  of  the  Telefcope,  to 
Unity :  That  is,  of  B  P  to  P  FI,  and  of  R  H  to  i  \  which 
Proportion  holds,  whatever  be  the  Charge  or  the  Power  of  Mag¬ 
nifying. 

But  if  Inquiry  be  made  as  to  the  Charge  raoft  proper  and  convenient 
that  will  be  determined  beft  by  Experience,  in  thefe,  as  well  as  in  all 
other  forts  of  Telefcopes :  Flowever,  on  Suppofition  that  one  of  a 
given  Length  has  it’s  Aperture  and  Charge  rightly  ordered  and  pro¬ 
portioned,  the  Rule  for  preferving  the  fame  Degree  of  Brightncfs  and 
Difti'nCtnefs,  in  all  others  of  a  like  ConftruCtion,  will  be,  to  make  the 
Apertures,  and  magnifying  Powers,  direCtly  as  the  Focal  Lengths  oi 
the  Speculums  •,  which  fhews  the  vaft  Advantage  and  Perfection  of 
thefe  Telefcopes,  above  the  common  reflecting  ones  where,  according 


*  See  Fig. 48. 
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to  Sir  I.  Newton’s  Rule,  the  Apertures,  and  Powers  of  Magnifying, 
mufl  be  as  the  Biquadrate  Roots  of  the  Cubes  of  their  Lengths*. 

It  is  likewife  a  confiderable  Advantage  in  this  Conftrudion,  that 
the  Refledion  from  the  concave  Side  of  the  Speculum  will  do  no 
fenfible  Prejudice  *,  becaufe  the  Image  of  any  Objed;  made  thereby, 
is  removed  to  fo  vaft  a  Diftance  from  the  principal  Image,  formed 
by  the  convex  Surface,  as  to  create  no  manner  of  Confufion  or  Diftur- 
bance  in  the  Vifion ;  which  neceflarily  happens,  in  fome  Degree, 
from  the  Vicinity  of  thole  Images,  when  the  Glafs  is  ground  concave 
on  one  Side,  and  as  much  convex  on  the  other  5  according  to  the 
Method  propounded  by  Sir  I.  Newton ,  in  his  Opticks. 

It  may  be  imagined,  perhaps,  at  firft  View,  that  (if  our  Reafonirrg 
is  juft)  the  Errors  ol  refrading  Telefcopes,  occafioned  by  the  different 
Refrangibility  of  Light,  may  be  correded  by  a  like  iArtifice :  But 
the  Aberration  of  the  Rays  from  the  principal  Focus  is  there  fo  great, 
and  bears  lb  confiderable  a  Proportion  to  the  Focal  Length  of  the 
Telefcope,  that  the  Error  cannot  be  redified  by  the  Interpofition 
of  any  Lens,  until  the  Rays  are,  by  a  contrary  Refradfion,  colleded 
again  at  an  infinite  Diftance,  which  renders  this  Expedient  quite 
uielefs  *,  however  there  is  no  need  to  defpair  of  accomplifhing  even 
this,  by  other  Methods :  And,  by  the  way,  we  may  obferve,  if  it 
were  worth  while  to  feek  a  Remedy  for  the  Errors  occafioned  by  the 
fpherical  Figure  of  the  Objedi-Glafs  only,  in  Dioptrical  Telefcopes’, 
that  might  be  obtained  by  the  proper  Application  of  a  fuitable  Lens, 
between  the  Focus  and  the  Vertex  of  the  Objed- Glafs  •,  which  is  much 
more  eafy  and  practicable,  than  the  grinding  of  Glaffes  to  Hyper¬ 
bolical  or  Elliptical  Figures. 

For  a  further  Illuftration  of  what  is  gone  before,  it  may  be  proper 
to  exhibit  the  feveral  Parts  and  Proportions  of  a  Telefcope  in  Numbers 
computed  according  to  the  Theorems  already  delivered  ;  and  in  Pradice 
we  judge  it  will  be  moft  convenient,  that  the  Radii  of  the  Spheres  to 
which  the  concave  and  convex  Sides  of  the  Speculum  are  ground,  be 
nearly  in  the  Ratio  of  6  to  5  ;  as  in  the  following  Example  *,  where 
ABCDEF,  reprefents  the  great  Speculum  of  Glafs,  ground  concave  Fig.  481 
on  one  Side,  and  convex  on  the  other  •,  quickfilvered  over  the 
convex  Side,  and  of  an  equal  Thicknefs  all  round  it’s  Circum¬ 
ference. 

The  Radius  of  Concavity  a  =  48  Inches. 

The  Radius  of  Convexity  =  e  =  40  Inches. 

Then  putting  n,  the  Sine  of  Incidence  =  100;  w,  the  Sine  of 
Refraddon  of  the  leaft  refrangible  Rays,  out  of  Glafs  into  Air,  =:  154; 
and  p,  the  Sine  of  Refraddon  of  the  moft  refrangible  Rays,  =  156  5 
as  Sir  I.  Newton  found  them  by  Experiments  ;  we  fhall  have, 


*  See  his  Opticks,  Eek  2,  p.  97, 
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P  B,  the  Focal  Length  of  the  Speculum  with  regard  to  the  moft 
refrangible  Rays  =  18.292 6-}-,  which  will  be  fomewhat  increafed 
by  theThicknefs  of  the  Glafs,  when  that  is  confiderable. 

P  Q,  the  greateft  Aberration  of  the  Rays,  occafioned  by  their 
different  Degrees  of  Refrangibility,  =  .05594  -j->  which  Quantity, 
in  P  rad  ice,  fhould  be  a  very  little  augmented,  rather  than  other- 
wife  ;  wherefore  we  put  it  here  —  .056  —  e. 

The  Radius  of  the  concave  Surface  of  the  Lens,  turned  towards  the 
Speculum,  viz.  of  GH  I,  =  u  =  2.8  Inches. 

The  Radius  of  the  concave  Surface  of  the  Lens,  turned  from  the 
Speculum,  viz.  of  K  L  M,  =  6.7  Inches. 

The  Thicknefs  of  the  Lens  at  the  Vertex  L  H  =  A  of  an  Inch. 

The  Aperture  of  the  Lens  muft  be  about  ~  of  the  Aperture  of  the 
Speculum. 

H  P,  the  Diftance  of  the  Focal  Point  P  from  the  Point  H,  where  the 
abovefaid  Lens  is  to  be  placed,  fo  as  to  corred  the  Errors  arifing 
from  the  different  Refrangibility  of  the  Rays,  and  alfo  the  Errors  of 
the  fpherical  Figure,  =  2  .  —  Inches. 

HR,  the  Diftance  of  H  the  Vertex  of  the  Lens  from  R  the  Focus 
of  the  Telefcope,  =  6.8  Inches. 

And  if  we  fuppofe  the  Diameter  of  the  Pupil  of  the  Eye  to  be  ~  of  an 
Inch,  (though  it  has  not  one  certain  Meafure)  then  the  Diameter 
of  the  greateft  Aperture  of  the  Speculum,  that  can  ever  be  of  Ufe, 
will  be  6  Inches,  nearly. 

The  fmall  plano-convex  Eye-Glafs  O  muft  always  have  one  common 
Focus  with  the  Telefcope,  to  wit,  the  Point  R  mandated  to  r,  by 
Refledion  from  the  Bafe  of  the  Prifm  N ;  for  which  Reafon  it  muft 
retain,  at  all  times,  an  equal  and  invariable  Diftance  from  the  Lens 
GHIKLM;  which  Diftance  will  be  the  Focal  Length  of  the  faid 
Eye-Glafs  more  HR(=HN-f-Nr)the  Diftance  of  the  Lens  from 
the  Focus  of  the  Telefcope  R. 

The  Form  and  Pofition  of  the  Prifm  N,  and  the  Contrivance  of 
the  other  Parts  neceffary,  will  be  much  the  fame  as  in  the  Newtonian 
Telefcope. 

If  the  Focal  Length  of  the  Eye-Glafs  be  A  of  an  Inch,  the  Telefcope 
will  magnify  about  200  times. 

This  Telefcope  may  be  contrived  in  the  Gregorian  way,  by  ufing, 
inftead  of  a  Lens  and  Prifm  a  fmall  Speculum  Spherically  concave  on 
one  fide,  and  convex  on  the  other  •,  but  we  think  it  not  worth  while 
to  attempt  this  Conftrudion,  as  an  Inveftigation  of  the  Proportion 
between  the  two  Surfaces  necefftarily,  in  this  fmall  Speculum,  to  unite 
the  Rays  proceeding  from  the  great  one,  into  one  Point,  would  be 
intricate,  and  the  Pradice  alfo  very  difficult;  by  reafon  that  a  little 
Inaccuracy  will,  in  this  Cafe,  occafion  Errors  much  more  confiderable 
than  a  like  Imperfedion  in  the  refrading  Lens, 


/ 


We 
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We  have  hitherto  fuppofed  the  Radius  of  the  Concavity  greater 
than  that  of  the  Convexity ;  as  being  mod  convenient  and  ufeful, 
on  feveral  Accounts,  in  forming  this  kind  of  Telefcopes  ;  however, 
it  may  be  proper  to  remark,  that  the  fame  Method  may  be  ufed  for 
correcting  the  Errors  of  the  Speculum,  when  the  Radius  of  it’s 
Concavity  is  lefs  than  that  of  the  Convexity  *,  only  the  refracting 
Superficies  of  the  Lens  placed  between  it’s  Vertex  and  Focus,  will 
be  convex,  and  not  concave,  as  in  the  former  Cafe.  And  there  is 
another  thing  worthy  of  Remark,  that  the  Focus,  or  Point  (P),  where 
the  mod:  refrangible  Rays  are  collected,  will  fall  farther  from  the  Vertex 
of  this  Speculum,  than  the  Focus  of  the  lead  refrangible  (QJ  ;  a 
Circumdance  which  never  happens  by  Refradlion  alone,  in  Glades 
of  any  Figure  whatfoever,  or  howfoever  they  be  difpofed. 

Now  all  things  being  put  as  before,  and  making  H  d ,  Pig-  49* 

I  fay  the  convex  Superficies  G  H  I  of  a  Lens  placed  at  H,  that  fhall 
correct  the  Errors  arifing  from  the  different  Refrangibility  of  Rays, 
in  this  kind  of  Speculum,  will  be  part  of  a  Sphere,  whofe  Radius 

is  =  ^  x  ^  !f  d-H  z=z  u#  And  HR,  the  Didance  of  the 

( jw  —  m)  a  n  z 

Point  R,  where  the  Rays  of  all  forts  will  unite,  after  this  Refraction, 

from  H  the  given  Point  in  the  Axis,  will  be  —  - — — -  ; 

0  (jM,  — -  n  j  d  n  d 

which  Point  R  being  taken  as  a  Centre,  deferibe  thereon  the  Arch 
KLM,  and  the  Figure  GHIMLK  will  reprefent  the  SeCtion 
of  a  Menifcus-Glafs,  or  Lens,  which,  placed  at  the  Point  H,  alfumed 
between  the  Vertex  and  Focus  of  the  Speculum,  will  collect  all  forts 
of  Rays  proceeding  therefrom  into  one  and  the  fame  Point,  or 
Focus,  R.  We  might  alfo  fhew,  how  this  Error  may  be  rectified 
by  one  or  more  Gladfes,  placed  in  the  Axis,  at  a  Didance  farther 
from  the  Vertex  than  the  Focal  Point  P  ;  but  the  former  Speculum 
is  fo  much  preferable  to  this,  for  the  condruCting  of  Telefcopes,  that 
we  think  it  not  worth  while  to  profecute  this  Matter  farther.  To 
conclude  this  Effay  •, 

Whoever  fhall  think  fit  to  put  the  Method  here  propofed  in  Exe¬ 
cution,  we  dare  venture  (from  a  Trial  that  has  been  made)  to  allure 
him  of  Succefs  ;  provided  the  fame  Diligence,  Care,  and  Accuracy,  be 
applied,  in  choofing,  figuring,  polifhing,  and  foiling,  the  Glafs,  that 
lias  of  late  been  employed  for  the  forming  Speculums  of  Metal;  and 
let  none  be  difeouraged,  though  the  fird  and  fecond  Attempt  fhould 
fail ;  for  that  mud  be  expected,  if  the  ordinary  way  of  grinding  and 
polifhing  be  ufed  :  Greater  ExaClnefs  is  here  required,  than  is  ufually 
thought  fufficient  for  the  ObjeCt-Glades  of  redrafting  Telefcopes:  Let 
it  be  alfo  conddered  how  many  Efifays,  for  a  long  Term  of  Years, 
were  made  by  Mr  Gregory ,  Sir  I.  Newton ,  and  others,  to  reduce  their 

Condruftions  of  the  reflefting  Telefcope  into  Practice  without  anfwering, 

in 
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in  any  tolerable  Degree,  what  their  Theories  promifed :  The  Work¬ 
men  they  employed  were  chiefly  Optical  Inftrument-makers,  and  had 
it  been  left  to  fuch  Perfons  only  to  perform  by  themfelves,  we  have 
reafon  to  think,  that  it  would  have  been  pronounced  impracticable 
to  this  Day,  to  make  a  reflecting  Telefcope  that  fhould  equal  or  excel 
refracting  ones  of  ten  times  it  Length  •,  though  we  now  fee,'  that  moft 
of  thefe  Artificers  are  capable  of  making  them  to  fuch  a  Degree  of 
Perfection  as  was  formerly  defpaired  of.  April  5.  1 739- 

A  Catoptric  II I.  Though  *  Microfcopes^  compofed  of  Refracting  Glafles  only, 
Robm^Bar^  ^ave  ^een  va^y  improved ,  as  to  their  Effects  of  magnifying;  yet  they 
ker,  T M.  \ ).  ^ave  been  attended  with  fuch  great  Inconveniences,  that  their  Appli- 
F.  R.  S ,  No.  cation  to  many  Arts,  in  which  they  might  be  very  convenient,  is  not  fo 
442.  p.  259.  common  as  might  be  expected,  and  Mankind  have  reaped  but  a  fmall 
^ulyff  c'  Part  of  the  Advantage  obtainable  from  fo  furprizing  and  ufeful  an 

173  Inftrument. 

Among  the  Inconveniences  mentioned,  thefe  are  the  moft  con- 
fiderable :  * 


1.  That  in  order  to  magnify  greatly,  it  is  neceflary  the  Object-Glafs 
be  a  Portion  of  a  very  minute  Sphere,  whofe  Focus  being  very  fnor.t, 
the  Object  muff:  be  brought  exceeding  near  ;  it  will  therefore  be  fhaded 
by  the  Microfcope ,  and  not  vifible  by  any  other  Light  than  what  pafles 
through  itfelf;  in  this  Cafe  therefore,  opake  Objects  will  not  be  feen 
at  all. 

2.  Objects  illuminated  this  way,  may  be  rather  faid  to  eclipfe  the 
Light,  than  to  be  truly  feen,  little  more  being  exactly  reprefented  to 
the  Eye.  than  the  Out-line  ;  the  Depreflions  and  Elevations  within 
the  Out-line  ;  appearing  like  fo  many  Lights  and  Shades,  according  to 
their  different  Degree  of  Thicknefs  or  Tranfparency ;  though  the 
contrary  happens  in  ordinary  Vifion,  in  which  the  Lights  and  Shades 
are  produced  by  the  different  Expofure  of  the  Surface  of  the  Body  to  the 
incident  Light. 

3.  Small  Parts  of  large  Objects  cannot  eafily  be  applied  to  the 
Microfcope ,  without  being  divided  from  their  Wholes,  which  in  the 
Cafe  of  Vivi-fecftion  defeats  the  Experiment,  the  Part  dying,  and  no 
more  Motion  being  obferved  therein. 

4.  The  Focus  in  the  Dioptrick  Microfcope  being  fo  very  fhort,  is 
exceeding  nice,  the  lead  Deviation  from  it  rendring  Vifion  turbid  ; 
therefore  a  very  fmall  Part  of  4n  Irregular  Objecft  can  be  feen  diftimStly 
this  way. 


To  remedy  thefe  Defeats  I  have  contrived  a  Microfcope  on  the 
Model  of  the  Newtonian  Telefcope,  in  which  I  have  been  greatly 
affifted  by  that  excellent  Workman,  Mr  Scarlet ,  jun.  I  fhall  fay 
nothing  of  the  Effedts  of  this  Inftrument,  excepting  that  it  magnifies 
hom  the  Diftance  of  9  to  24  Inches. 

2  Fig. 
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■Fig.  50.  The  entire  Microfcope  mounted  on  it’s  Pedeftal,  OH  a  p*'0*  Explanation 
per  Joint,  contrived  fo  as  to  dired  the  Instrument  towards  any  Objed.  °fthe*"1  gures. 

Fig.  51.  The  Section  of  the  Instrument,  in  which  A  B  is  the  larger  Fig.  50,  5,. 
concave  metalline  Speculum ,  C  D  is  the  letter  concave  metalline  Speculum  5 
E  F  a  hollow  Brafs  Screw  to  fatten  in  the  ift  Dioptrical  Glafs,  or  Pla¬ 
no-convex  Lens  ;  G  H  another  Screw  fattening  on  the  hollow  Cylinder 
E  F  I  K  (in  which  the  Dioptric  Glaffes  are  contained)  to  the  Body  of 
the  Microfcope ;  IK  a  Cap  with  a  (mail  Perforation,  Serving  as  an 
Aperture  to  the  Eye-Glafs,  or  2d  Lens  (convex  on  both  Sides) ;  ML 
is  a  long  Screw  patting  through  the  Nuts  P  and  V,  Serving  to  bring 
the  Small  Speculum  to  a  proper  Distance  from  the  larger  ;  N  Q^a  Aiding 
Piece  moved  by  the  Screw,  carrying  the  Stem  QJi,  and  little  Speculum 
CD  ;  YXa  Screw  Sor  the  Cap  at  Fig.  52 ;  that  at  Fig .  53  is  to  be  _  ct 
Screwed  on  the  Aperture  I  K.  0  ' 

Fig*.  54.  Shews  the  Conftrudion  of  the  Microfcope,  in  which  i  is  Fig.  54. 
an  Objed  fuppofed  ered  •,  from  which  Rays  falling  on  the  Speculum 
a  b%  will  be  refleded  to  the  Focus  k,  where  they  will  form  an  inverted 
Image,  and  being  refleded  by  the  Small  Speculum  c  d,  they  will  paSs 
through  the  Perforation  of  the  great  Speculum ,  and  falling  on  the  Plano¬ 
convex  Glafs  e  converge  again,  and  form  an  ered  Image  at  /  ;  which 
being  brought  very  near  to  the  Eye,  and  So  considerably  magnified, 
will  be  diflindly  Seen  through  the  Eye-Glafs  g  h. 

IV.  I  viewed  attentively  the  Objeds  applied  to  thefe  Microfcopes  by  An  Account  of 
Mr  Leeuwenhoek  himfelf,  which  Mr  Folkes  *  has  given  a  Lift  of  in  his  Mr  Leeuwen- 
Account ;  but  the  greateft  Part  of  them  were  destroyed  by  Time,  or  hoek,J  Micro- 
Struck  off  by  Accident  ;  which,  indeed,  is  no  Wonder,  as  they  were  Henry  Bak^ 
only  glewed  on  a  Pin’s  Point,  and  left  quite  unguarded.  Nine  or  ten  F.  R.  S.  No! 
of  them,  however,  are  Still  remaining  ;  which,  after  cleaning  the  458-  P-  5°3* 
Glaffes,  appeared  extremely  plain  and  diftind,  and  proved  the  great  Sept*  &c* 
Skill  of  Mr  Leeuwenhoek ,  in  adapting  his  Objeds  to  Such  Magnifiers  I'7^0' 
as  would  Shew  them  beft,  as  well  as  in  the  Contrivance  of  the  Aper¬ 
tures  to  his  Glaffes,  which,  when  the  Objed  was  transparent,  he  made 
exceeding  fmall,  Since  much  Light  in  that  Cafe  would  be  prejudicial : 

But,  when  the  Objed  itfelf  was  dark,  he  enlarged  the  Aperture,  to 
give  it  all  poflible  Advantage  of  the  Light.  The  Lens  being  fet  fo  as 
to  be  brought  clofe  to  the  Eye,  is  alfo  of  great  Ufe,  Since  thereby  a 
larger  Part  of  the  Objed  may  be  Seen  in  one  View. 

It  mutt  be  remembered,  that  all  thefe  Microfcopes  are  of  one  and 
the  fame  Strudure,  and  that  the  moft  Simple  poflible,  being  only  a 
Single  Lens,  with  a  moveable  Pin  before  it,  on  which  to  Six  the  Objed, 
and  bring  it  to  the  Eye  at  Pleafure. 

Though  I  was  fenfible  it  mutt  coft  much  Trouble  to  meafure  the  focal 
Distances  of  thefe  26  Microfcopes,  and  thereby  afcertain  their  Powers 
of  magnifying,  I  confidered  that,  without  fo  doing,  it  would  be  im- 
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pofiible  to  form  a  right  Judgement  of  them,  or  make  any  reafonable 
Comparifon  between  them  and  our  own.  This  Talk  therefore  I  have 
performed,  with  as  much  Care  and  ExaCtnefs  as  I  was  able ;  and  have 
fhewn,  in  the  following  Table,  how  many  of  them  have  the  fame 
Focus,  and  confequently  magnify  in  the  fame  Degree  •,  how  many  times 
they  magnify  the  Diameter,  and  how  many  times  the  Superficies  of  any 
Obje&s  applied  to  them.  I  have  given  the  Calculations  in  round  Num¬ 
bers,  the  Fractions  making  but  an  inconfiderable  Difference  ;  and  hope 
any  Miftakes  I  may  have  made  in  fo  nice  a  Matter  will  be  excufed. 

d  Table  of  the  Focal  Diflances  of  Mr  Leeuwenhoeks  26  Microfcopes , 
calculated  by  an  Inch  Scale  divided  into  100  Parts  ;  with  a  Computation 
of  their  magnifying  Powers,  to  an  Eye  that  fees  fmall  Objects  at  8  In¬ 
ches,  which  is  the  common  Standard. 


Microfcopes 
with  the 
fame  Focus. 

Distance  of  the 
Focus. 

Power  of  magnifying 
the  Diameter  of  an 
Objeft. 

Power  of  magnifying 
the  Superficies. 

Paris  of  an  Inch. 

Times . 

Times.. 

*  T  « 

1  9  m 

or  • 

;  1 60 

♦  * 

25600. 

I  «  4 

6 

Too 

.  133  nearly. 

*  • 

17689. 

1. 

7 

I  OO  *  • 

.  1 1 4  nearly. 

•  • 

12996. 

3*  * 

8  . 

TUTS  • 

.  IOO 

r 

*  • 

soooo. 

3* 

-2— 

100 

.  89  almoft. 

•  * 

7921  almoft. 

8.  . 

1 

10  *  * 

:  80. 

•  • 

6400. 

2 . 

1 i 

1 0  0  *  * 

•  72  fomething 

more.  . 

5184  fomething  more. 

0* 

x  2 

Too 

•  66  nearly. 

9  9 

4356  nearly. 

2. 

I  4-_ 

IOO  *  * 

*  57  * 

•  9 

3249. 

I. 

i  5 

IOO  *  • 

;  53  nearly. 

•  • 

2809  nearly. 

1.  . 

1 

jf  *  11 

«  40 

4  9 

1600. 

tan  1  ■■■ 
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It  appears,  by  the  foregoing  Table,  that  one  only  of  thefe  26  Micro¬ 
fcopes  is  able  to  magnify  the  Diameter  of  an  ObjeCt  1 60,  and  it’s  Su¬ 
perficies  25600  times ;  all  the  reft  falling  much  fhort  of  that  Degree. 
And  therefore,  I  am  fully  perfuaded,  and  believe  I  fhall  be  able  to 
prove,  that  many  of  the  Difcoveries  Mr  Leeuwenhoek  gives  an  Account 
of,  could  not  poffibly  be  made  by  Glaffes  that  magnify  no  more  than 
this. 

Our  Cabinet  is  but  the  fecond  in  Mr  Leeuwenhoek9 s  Collection,  and  is 
very  far  from  containing  all  the  Microfcopes  he  had,  as  many  wrongly 

*  This  largeft  Magnifier  of  all  is  in  the  Box  marked  25. 
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have  imagined.  We  find  here  indeed,  26  Microfcopes  in  13  little 
Boxes :  each  Box  contains  a  Couple  of  them,  and  is  marked  in  two 
Places  with  a  Number,  to  diftinguiffi  it  from  the  rdf.  But  as  the  fir  ft 
of  thefe  Boxes  is  marked  15,  and  the  reft  with  following  Numbers 
on  to  27  •,  it  neceffarily  implies  there  were  14  preceding  Boxes,  fince 
no  Man  begins  with  the  Number  15.  Mr  Leeuwenhoek ,  then,  had 
another  Cabinet,  that  held  14  Boxes  before  ours  in  numerical  Order, 
and  probably  each  Box  contained  a  Couple  of  Microfcopes,  as  our 
Boxes  do.  But  befides  thefe  two  Cabinets,  he  had  feveral  other  Micro¬ 
fcopes  of  different  Sorts,  as  his  own  Writings  will  make  appear.  , 

Our  Cabinet  fee  ms  to  have  been  only  his  Repofitory  of  Objedls  ;  for 
every  Microfcope  herein  was  engaged  by  an  Objedt  affixed  to  it,  and 
thereby  rendered  ufelefs  for  any  other  Purpofe  *,  whereas  thofe  he  em¬ 
ployed  in  his  daily  Obfervations  muft  have  been  always  ready,  and  at 
full  Liberty,  to  examine  whatever  offered.  Many  of  them  too  muft 
certainly  have  been  much  greater  Magnifiers  than  any  in  our  Poffeffion. 
And  we  are  affured  by  himfelf,  that  fuch  he  had  ;  for  he  often  men¬ 
tions  his  fhifting  Obje£ts  from  his  common  to  his  better,  and  thence  to 
his  m oft  exquifite  Microfcopes  :  And,  befides,  (in  the  fecond  Volume 
of  his  Works'*-)  he  fays,  C6  I  have  an  hundred  and  an  hundred  Micro- 
u  fcopes,  moft  whereof  are  able  to  fhew  Objeds  fo  diftindly,  even  in 
<c  the  cloudyeft  Weather,  and  by  Day-light  only,  that  if  the  Animalcula 
<c  in  Semine  mafeulino  of  Animals  had  the  Extremity  of  their  Tails 
“  forked,  (as  deferibed  by  a  certain  Writer)  I  ffiould  eafily  have- dif- 
“  covered  it.”- — -Among  this  Number,  many,  without  doubt,  were 
contrived  for  the  Examination  of  Fluids,  fince  great  Part  of  his  Obfer¬ 
vations  were  made  on  them:  He  informs  us  alio,  that  his  Method  was 
to  put  them  into  an  exceeding  fmall  or  capillary  Tube  of  Glafs,  which 
there  does  not  feem  to  be  any  Means  of  applyihg  to  the  Microfcopes 
in  our  Cabinet,  even  had  they  been  at  Liberty  •,  and  much  lefs  for  the 
larger  Tubes  he  made  ufe  of  to  view  the  Circulation  of  the  Blood  in 
Frogs ,  Eels ,  Fijhes ,  &c.  his  Apparatus  for  which  we  find  in  the  fourth 
Volume  of  his  Works’^. - Tut  to  proceed: 

Mr  Leeuwenhoek ,  in  a  Letter  to  this  Society  concerning  the  Ani¬ 
malcula  obferved  by  him  in  the  Semen  mafculinum  of  a  Dog ,  which  he 
deferibes  and  gives  a  Draught  of,  fays,  they  were  fo  minute,  that  he 
believed  a  Million  of  them  would  not  equal  the  Size  of  one  large  Grain 
of  Sand  ||.  Again,  in  his  113th  Letter,  fpeaking  of  the  Semen  virile,  he 
declares,  that  a  Million  of  the  Animalcula  feen  therein  would  not  equal  a 
large  Grain  of  Sand  *,  and  yet  he  gives  a  fiffl  Defcription  of  their  Form 
for  he  fays,  their  Bodies  are  roundiffi,  fomewhat  flat  before,  but  ending 
fharp  behind,  with  Tails  exceedingly  tranfparent,  five  or  fix  times 
longer,  and  about  five  Times  fienderer,  than  their  Bodies  *,  fo  that 
their  Figure  cannot  better  be  reprefented,  than  by  a  fmall  Earth-nut 
with  a  long  Root  or  Tail, 

*  Parc  II.  p j  290,  f  Pag.  180.  ||  Vol.  I.  Part.  I.  p.  x6o. 
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Now  the  Focus  of  the  greateft  Magnifier  of  his  being  h  of  an  Inch, 
as  near  as  can  well  be  meafured,  it  is  capable  of  magnifying  the  Diame¬ 
ter  of  an  Objedt  (to  an  Eye  that  fees  fmall  Objedls  bed  at  eight  Inches) 
no  more  than  160,  and  the  Superficies  25600  times  :  So  that  Objects, 
one  Million  whereof  fcarce  equal  a  Grain  of  Sand,  viewed  through  fuch 
a  Lens,  (as  only  the  Superficies  can  be  feen)  could  appear  no  larger 
than  2i  Grains  of  Sand  would  be  to  the  naked  Eye ;  and  I  fubmit  it 
to  be  confidered,  whether  that  is  not  too  fmall  a  Size  for  any  Man  to 
defcribe  fo  particularly,  and  delineate  the  Form  and  Parts  of. 

But  Mr  Leeuwenhoek  goes  yet  abundantly  farther  :  For,  to  mention 
only  one  Infiance,  of  which  there  are  leveral  in  his  Writings  •,  he  tells 
this  Society  in  his  Letter  of  July  25,  1684,  that  he  could  difcern 
Veffels  in  the  human  Eye,  fo  amazingly  minute,  that,  defiring  to 
know  their  Smallnefs,  he  meafured  them  by  the  Diameter  of  a  Grain  of 
Sand,  (the  Proceis  of  which  Menfuration  is  there  fet  down)  and  found 
by  arithmetical  Calculation,  that  a  large  Grain  of  Sand  muli  be  divided 
into  18,399,744,000  Parts*,  ere  it  can  be  fmall  enough  to  enter  thefe 
minute  Vefifels.  He  mud  therefore  certainly  have  had  Glades,  that 
were  much  greater  Magnifiers  than  any  we  have  of  his. 

It  may  perhaps  be  objected,  that  Mr  Leeuwenhoek  declares,  he  did  „ 
not  ufe  fuch  fmall  Glafies, as  fome  People  boafted  of  5  and  that,  although 
for  40  Years  together  he  had  been  podeffed  of  Glades  exceedingly  mi¬ 
nute,  he  had  employed  them  very  feldom  \  fince,  in  his  Opinion, 
they  could  not  fo  well  ferve  to  make  the  firft  Difcoveries  of  Things,  as 
thofe  of  a  larger  Diameter.  In  Anfwer  to  this,  I  mud  obferve,  that 
Mr  Leeuwenhoek ,  in  this  Place,  is  refiedting  on  a  certain  Phyfician, 
who  boafted  of  an  extraordinary  Microfcope  i~,  fcarce  bigger  than  a  vifible 
Point,  whereby  he  pretended  to  difcover  the  Animalcules  in  Semine  vi¬ 
rili  to  be  exactly  of  an  human  Shape,  with  only  a  Skin  over  it.  For 
he  fays,  that  while  he  was  attentively  obferving  thefe  Animalcules ,  one 
of  them  (a  little  bigger  than  the  reft)  prefented  itfelf,  having  almoft 
dipped  off  it’s  Skin  :  And  then  there  plainly  appeared  two  naked  Thighs 
and  Legs,  a  Bread,  and  two  Arms,  above  which,  the  Skin  being  thruft 
up,  covered  the  Head  as  it  were  a  Cap.  The  Sex  he  confeffes  he  could 
not  diftinguilh,  and  adds,  that  it  died  in  endeavouring  to  get  clear 
of  the  Skin. 

Mr  Leeuwenhoek  very  judly  jexpofes  this  romantic  Difcovery,  pre¬ 
tended  to  be  made  by  this  Speck  of  a  Microfcope  *,  and  takes  occafion 
therefrom  to  let  us  know,  he  does  not  think  fuch  minute  Glafifes  are  fo 
much  to  be  depended  on  as  thofe  of  a  larger  Diameter.  But  there  are 
fo  many  Degrees  between  the  fmalleft  Glafs  we  have  of  his,  (whofe 
Focus  is  at  ~  of  an  Inch)  and  this  almoft  invifible  Point,  that  we  muft 
not  infer  from  hence  he  ufed  none  of  a  Size  between.  Nay,  this  very 
Letter  feems  to  imply  the  contrary  j  for  it  tells  us,  that,  in  examining 

*  Vol.  I./.  3,9,  f  Vol.  il.  Part.  II.  Epift,  116.  f.  84. 
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the  virile ,  he  made  life  of  8  or  io  Microfcopes  of  different  mag¬ 

nifying  Powers :  But  as  all  the  Microfcopes  we  have  of  his,  have  Ob¬ 
jects  faftened  to  them,  and  befides  have  no  Apparatus  for  Fluids,  1 
think  they  could  not  probably  be  the  fame  he  employed  for  that  Exami¬ 
nation.  May  we  not  rather  fuppofe  he  had  8  or  io  different  Sizes  of 
Microfcopes,  that  magnified  more  than  ours  ?  For  we  know.  Fluids 
require  to  be  examined  by  the  greateft  Magnifiers  ;  and  doubtlefs  he 
made  ule  of  fuch  for  that  purpofe. 

There  is  no  Advantage  in  employing  a  greater  Magnifier  for  any 
Objedt,  than  what  is  requifite  to  fhew  the  fame  diftindtly  *,  but  when 
the  Objedt  is  exceedingly  minute,  the  magnifying  Power  of  the  Glafs 
mud  be  proportionably  great,  or  elfe  it  will  be  impoffible  to  fee  the 
Object  clearly.  A  Lens,  (for  Example)  that  fhews  a  whole  Flea 
diftindtly,  magnifies  not  near  enough  to  fhew  the  Animalcules  in  the 
Semen  of  that  Flea. 

I  am  fenfible,  that  Mr  Leeuwenhoek ,  by  long  Practice,  and  uncom¬ 
mon  Attention,  might  be  able  to  difcern  many  Objedts  with  thefe  Mi¬ 
crofcopes,  which  others,  lefs  accuftomed  to  Obfervations  of  this  kind, 
cannot  readily  do  :  His  Eyes  too  might  be  fomewhat  different  from 
the  Standard  I  meafure  by.  But  all  thefe  Allowances  will  not,  I  think, 
fuftice  to  reconcile  the  Paffages  I  have  quoted  with  the  Powers  of  the 
Glaffes  under  Examination. 

While  I  was  overlooking  thefe  Microfcopes  of  Mr  Leeuwenhoek ,  an 
Opportunity  prefented  of  examining  and  comparing  with  them  a  curious 
Apparatus  of  Silver  with  fix  different  Magnifiers,  belonging  to  Mr  Folkes, 
and  then  newly  made  for  him  by  Mr  Cuffm  Fleet-ftreet .  The  Body  of 
this  Inftrument,  into  which  the  Glaffes  are  occafionally  to  be  faftened,  is 
after  the  Fafhion  of  Wilfon* s  Pocket- Microfcope,  and  contrived  to  fcrew 
into  the  Side  of  a  Scroll  fixed  on  a  Pedeftal,  from  which  a  turning 
Speculum  refiedts  the  Light  upwards  upon  the  Objedt  :  It  is  likewifo 
contrived  to  be  ufed  with  the  Apparatus  of  the  Solar  Microfcope  :  De- 
fcriptions  and  Figures  of  both  of  which  I  have  fince  given  in  a  Book  in¬ 
tituled,  Lhe  Microfcope  made  eafy.  Edit.  2d.  Lond.  1743.  8V0. 

I  meafured  the  focal  Diftances,  and  magnifying  Powers,  of  the  Six 
Glaffes,  and  found  them  to  be  as  follows. 
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A  Table  of  the  Six  Magnifiers  belonging  to  Mr  FolkesV  Microfcope , 
calculated  by  an  Inch  Scale  divided  into  an  hundred  Parts,  with  a 
Computation  of  their  Poivers ,  to  an  Eye  that  fees  Objects  at  eight 
Inches . 


Glaffes. 

Diftance  of  the 

Magnifies  the 

Magnifies  the 

Focus. 

♦ 

Diameter. 

Superficies. 

ift. 

~  of  an  Inch.  . 

0 

400.  •  • 

1 60,000. 

2d. 

i 

20  •  * 

160. 

25,600. 

3d.  . 

8__ 

IOO  *  * 

IOO.  « 

10,000. 

4th. 

I  8 

J.  O  O  *  8  . 

44*  *  * 

1,936. 

5th.  . 

3 

10  «  •  • 

26. 

676. 

6th. 

1 

2  •  .  . 

16. 

256. 

The  above  Calculation  fhews,  that  Mr  Fo!kes*$  Firft  Glafs  magnifies 
the  Superficies  of  an  Object  6  times  as  much  as  the  greateft  Magni¬ 
fier  of  Mr  Leeuwenhoek  :  And  that  the  Animalcula  (a  Million  whereof, 
he  fays,  fcarce  equalled  the  Bignefs  of  a  Grain  of  Sand)  would,  if 
viewed  with  this  Magnifier,  appear  as  large  as  16  Grains  of  Sand  do 
to  the  naked  Eye.  And  I  cannot  fuppofe  but  Mr  Leeuwenhoek  had 
Glaffes  to  magnify  even  more  than  this,  though  they  are  not  come  to 
us.  For  I  cannot  otherwife  conceive,  how  he  could  obferve  the  Ani¬ 
malcules  in  the  Semen  mafculinum  of  a  Flea ,  and  of  a  Gnat ,  as  we  find 
he  did,  or  affert  *,  as  he  does  in  the  ftrongeft  Terms  f,  that  he  could  fee 
the  minuteft  Sort  of  Animalcules  in  Pepper-water ,  with  his  Glaffes,  as 
plainly  as  he  could  Swarms  of  Flies  or  Gnats  hovering  in  the  Air  with 
his  naked  Eye,  though  they  were  more  than  ten  Millions  of  Times 
lefs  than  a  Grain  of  Sand.  And  left  this  fhould  be  imagined  only  a 
random  Guefs,  he  gives  immediately  a  regular  arithmetical  Calculation 
to  prove  his  Computation  right.  But  I  believe  we  muft  all  be  fenfible, 
that  no  Glaffes  in  this  Cabinet  artf  able  to  render  fuch  minute  Objects 
diftinguifliable. 

I  am  defirous  to  do  all  poffible  Juftice  to  thefe  Microfcopes,  by 
acknowledging  their  Excellence,  as  far  as  their  magnifying  Power  ex¬ 
tends  :  But  I  fhould  do  wrong  to  Mr  Leeuwhenhoek ,  fhould  I  fuffer  the 
World  to  believe  thefe  were  his  greateft  Magnifiers ;  fi nee  whoever 
hereafter  fhould  examine  them  with  that  Imagination,  would  be  apt  to 
entertain  a  bad  Opinion  of  his  Veracity. 

Experience  teaches,  that  Globules  of  Glafs  extremely  minute,  though 
they  magnify  prodigioufly,  are  feldom  able  to  fhew  Objedls  fufficiently 
diftinft,  and  therefore  are  very  apt  to  lead  People  into  Errors :  Which 
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certainly  was  a  good  Reafon  for  Mr  Leeuwenhoek's  rejecting  them  :  But 
a  ground  convex  Lens ,  though  much  fmaller  than  any  of  his  before  us, 
if  rightly  applied,  will  fhew  exceedingly  minute  Objefts  magnified  to 
a  furprifing  Degree,  and  with  fufflcient  Light  and  Clearness,  as  Mr 
Folkes9 s  Hrft  Glafs  witneflfes. 

I  hope  I  fhall  not  be  imagined  to  intend  any  Difrefpedl  to  this  famous 
Man,  if  I  fuppofe,  that  our  prefent  Microfcopes  are  much  more  ufeful 
and  convenient  than  thefe  of  his.  Let  him  always  be  remembered  with 
the  higheft  Honour,  for  the  wonderful  Difcoveries  he  made,  and  the 
Microfcopes  he  has  left  us,  which  are  indeed  extraordinary,  when  con- 
fidered  as  the  firft  almoft  of  their  kind :  Let  us  reverence  him  as  our 
great  Mafter  in  this  Art.  But  the  World  fince  muft  have  been  ftrangely 
ftupid,  if  it  could  have  improved  nothing,  where  there  was  room  for 
fo  much  Improvement.  I  do  not  mean  as  to  the  GlafTes  (for  the  Good- 
nefs  of  thefe  before  us,  gives  juft:  Reafon  to  believe  he  might  have  others 
as  excellent  as  can  perhaps  be  ever  made);  but  as  to  the  Structure  of  the 
Inftrument  they  are  fet  in,  and  the  Manner  of  applying  Objects  to 

them.  And  I  fancy  moil  People  will  allow,  that  herein  great  Improve¬ 
ments  have  been  made  :  And  it  is  with  pleafure  I  find,  that  a  large  Share 
of  the  Credit  belongs  to  our  own  Countrymen. 

One  thing  alone  (which,  when  flightly  confidered,  may  appear  but 
trifling)  has  conduced  greatly  to  thefe  Improvements ;  and  that  is,  the 
making  ufe  of  fine  tranfparent  Mufcovy  Laic  or  IJinglafs ,  placed  in 
Sliders,  to  inclofe  Objedls  in.  Had  Mr  Leeuwenhoek  known  this  way, 
it  would  have  faved  him  a  vaft  deal  of  Expence  and  Trouble:  For 

then,  we  may  reafonably  fuppofe,  inflead  of  making  an  entire  and  fe- 
parate  Microfcope  for  every  Objetft  he  was  defirous  to  keep  by  him  in 
readinefs  to  fhew  his  Friends,  he  would  probably  have  fecured  his  Ob¬ 
jects  in  Sliders,  as  we  at  prefent  do,  and  have  contrived  fome  fuch 
Means  as  ours,  of  ferewing  his  feveral  GlafTes  of  different  magnifying 
Powers,  occafionally,  to  one  and  the  fame  Inftrument,  and  of  apply¬ 
ing  his  Sliders  to  which  of  them  he  judged  beft.  A  few  good  GlafTes, 
gradually  magnifying  one  more  than  other,  would,  by  fuch  a  Method, 
have  anfwered  all  the  Purpofes  of  his  great  Number,  and  his  Objefb 
would  have  been  preferved  in  a  much  better  Manner. 

Two  extraordinary  Improvements  have  appeared  within  thefe  two 
Years,  which  I  beg  leave  to  lay  before  you,  as  I  think  it  has  not  been  yet 
done.  I  mean,  the  Solar  or  Camera  Obfcura  Microfcope,  and  the  Micro¬ 
fcope  for  opake  Objects.  Both  thefe  Inventions  we  are  obliged  for  to  the 
ingenious  Dr  Liberkhun ,  who,  when  he  was  in  England  laft  Winter  was 
Twelvemonth,  fhewed  an  Apparatus  of  his  own  making,  for  each  of 
thefe  Purpofes,  to  feveral  Gentlemen  of  this  Society,  as  well  as  to 
fome  Opticians,  amongft  whom  Mr  Cuff^  in  Fleet * ftr eet1  has  taken  great 
Pains  to  improve  and  bring  them  to  Perfection  ;  and  therefore  the  Ap¬ 
paratus  prepared  by  him  is  what  I  am  about  to  deferihe. 

This 
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This  Solar  Microfcope  is  compofed  of  a  Tube,  a  Looking-Glafs,  a 
convex  Lens,  and  a  Microfcope.  The  Tube  is  of  Brafs,  near  two  In¬ 
ches  in  Diameter,  fixed  in  a  circular  Collar  of  Mahogany,  which,  turn¬ 
ing  round  at  pleafure,  in  a  fquare  Frame,  may  be  adjufted  eafily  to  a 
Hole  in  the  Shutter  of  a  Window,  in  fuch  a  manner,  that  no  Light, 
can  pafs  into  the  Room  but  through  the  aforefaid  Tube;  Faftened  to 
the  Frame  by  Hinges,  on  the  Side  that  goes  without  the  Window,  is  a 
Looking-Glafs,  which,  by  means  of  a  jointed  brafs  Wire  coming  through 
the  Frame,  may  be  either  moved  vertically  or  horizontally,  to  throw 
the  Sun’s  Ravs  through  the  brafs  Tube  into  the  darkened  Room.  The 
End  of  the  brals  Tube,  without  the  Shutter,  has  a  convex  Lens,  to 
collect  the  Rays,  and  bring  them  to  a  Focus  *,  and  on  the  End  within 
the  Room,  Wilfon* s  Pocket- Microfcope  is  fcrewed,  with  the  Objed  to 
be  examined  applied  to  it  in  a  Slider.  The  Sun’s  Rays  being  direded 
by  the  Looking-Glafs  through  the  Tube  upon  the  Objed,  the  Image  or 
Pidure  of  the  Objed  is  thrown  diflindly  and  beautifully  upon  a  Screen  ^ 
of  white  Paper,  and  may  be  magnified  beyond  the  Imagination  of  thofe 
who  have  not  feen  it.  I  affifted  lately  in  making  fome  Experiments 
with  Dr  Alexander  Stuart,  by  means  of  this  Inftrument,  and  a  particu¬ 
lar  Apparatus  contrived  by  him,  for  viewing  the  Circulation-  of  the 
Blood  in  Frogs,  Mice ,  &c.  and  had  the  Pleafure  of  beholding  the 
Veins  and  Arteries  in  the  Mefentery  of  a  Frog  magnified  to  near  ^  In¬ 
ches  Diameter,  with  the  Globules  of  the  Blood  rolling  through  them  as 
large  almoft  as  Pepper- corns.  We  examined  alfo  the  Strudure  of  the 
Mufcles  of  the  Abdomen,  which  were  prod igioufly  magnified,  and  exhi¬ 
bited  a  mod  delightful  Pidure. 

The  Microfcope  for  opake  Objeds  remedies  the  Inconvenience  of 
having  the  dark  Side  of  an  Objed  next  the  Eye :  For  by  means  of  a 
concave  Speculum  of  Silver,  highly  polifhed,  in  whofe  Centre  a  mag¬ 
nifying  Lens  is  placed,  the  Objed  is  fo  ftrongly  illuminated,  that  it 
may  be  examined  with  all  imaginable  Eafeand  Pleafure.  A  convenient 
Apparatus  of  this  kind,  with  4  different  Specula,  and  Magnifiers  of 
different  Powers,  has  lately  been  brought  to  Perfedion  by  Mr  Cuff. 
Thefe,  with  the  large  double  refleding  Microfcope,  are,  1  think,  the 
chief,  if  not  the  only  ufeful  Sorts  now  made  in  England . 

I  muff  not  omit  taking  notice,  that  Mr  Leeuwenhoek  fays*,  that  fome- 
times,  to  throw  a  greater  Light  upon  his  Objeds,  he  ufed  a  fmall  con¬ 
vex  Metal  Speculum.  How  he  applied  it,  I  will  not  pretend  to  guefs  *, 
but  it  is  highly  probable  our  double  refleding  Microfcope  may  be  owing 
to  this  Hint.  I  muff  alfo  obferve  farther,  that  f,  after  defcribing  his  Ap¬ 
paratus  for  viewing  Eels  in  Glafs  Tubes,  Mr  Leeuwenhoek  adds,  that  he 
had  another  Inftrument,  whereto  he  fcrewed  a  Microfcope  fet  in  Brafs  *, 
upon  which  Microfcope,  he  tells  us,  he  faftened  a  little  Difh  (of  Brafs 
alfo,  I  fuppofe,)  that  his  Eye  might  be  thereby  afiifted  to  fee  Objeds 
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better  :  For  he  fays,  he  had  filed  the  Brafs  which  was  round  his  Mi- 
crofcope,  as  bright  as  he  could,  that  the  Light,  while  he  was  viewing 
Objebts,  might  be  reflected  from  it  as  much  as  poflible.  This  Micro- 
fcope,  with  it’s  Difli,  (which  I  give  an  exa£t  Copy  of  from  the  Pi&ure  Fig.  55. 
in  his  Works)  feems  fo  like  our  opake  Microfcope  with  it’s  filver  Spe¬ 
culum,  that,  after  confidering  his  own  Words,  I  fubmit  to  your  better 
Judgment,  whether  he  is  not  properly  the  Inventor  of  it.  His  Words 

arethefe, -  44  Supra  hoc  Micr  of  copium  Catillum  ferruminavi,  ut  oculus 

‘s  objefla  tanto  melius  videret :  nam  cuprum  circa  Micr  of  copium,  quantum 
44  pote ,  lima  abraferam ,  ut  Lumen  in  confpicienda  objeffa ,  quantum  pote , 

44  irradiaret  ” 

V.  In  the  annexed  Scheme*,  P  S  denotes  a  Plate  of  Brafs,  accu-  d  true  Copy  of 
rately  divided  in  the  Limb  D  i^,  into  i  Degrees,  4  Minutes,  and  —  ?  th^Hand  * 
Minutes,  by  a  Diagonal  Scale;  and  the  4  Degrees,  and  %  Minutes,  and  Writing  of  Sir 
—  Minutes,  counted  for  Degrees,  Minutes,  and  \  Minutes.  1.  Newton»  «- 

*  A  B,  is  a  Telefcope,  three  or  four  Feet  long,  fixt  on  the  Edge  0 ftnongtbePa- 

«  "V-1»  TT-fc  t  f  ms  tbj  C  -V'  S  l  CL-  *■  O 

that  Brafs  Plate.  .  Dr  Halley, 

G ,  is  a  Speculum ,  fixt  on  the  faid  Brafs  Plate  perpendicularly,  aS  near  containing  a 

as  may  be  to  the  Objedt-glafs  of  the  Telefcope,  fo  as  to  be  inclined  45  Defcription  of 
Degrees  to  the  Axis  of  the  Telefcope,  and  intercept  hall  the  Light  af  Lnfirument 
which  would  otherwife  come  through  the  Telefcope  to  the  Eye.  ^  .  tLuoocT 

CD,  is  a  moveable  Index,  turning  about  the  Centre  C,  and  with  it’s  Diihnce  from 
fiducial  Edge,  {hewing  the  Degrees,  Minutes,  and  l  Minutes,  on  the  Limb  the  Fixt  Stars 
of  the  Braf^ Plate  P  the  Centre  C,  muft  be  over-againft  the  Middle  ^  Sea*  Read 

of  the  Speculum  G.  _  No.  465  Jp.2 

H ,  is  another  Speculum ,  parallel  to  the  former,  when  the  fiducial 

Edge  of  the  Index  falls  on  ood  oor  oo,f  •,  fo  that  the  fame  Star  may  *  Fig.  56. 
then  appear  through  the  Telefcope,  in  one  and  the  fame  Place,  both 
by  the  direbt  Rays  and  by  the  reflexed  ones ;  but  if  the  Index  be  turned, 
the  Star  {hall  appear  in  two  Places,  whofe  Diftance  is  ihewed,  on  the 
Brafs  Limb,  by  the  Index. 

By  this  Inftrument,  the  Difiance  of  the  Moon  from  any  Fixt  Star  is 
thus  obferved  :  View  the  Star  through  the  Perfpicil  by  the  direbt 
Light,  and  the  Moon  by  the  Reflext  (or  on  the  contrary)  *,  and  turn 
the  Index  till  the  Star  touch  the  Limb  of  the  Moon,  and  the  Index  {hall 
fhew  upon  the  Brafs  Limb  of  the  Inftrument,  the  Diftance  of  the  Star 
from  the  Limb  of  the  Moon  *,  and  though  the  Inftrument  ftiake,  by 
the  Motion  of  your  Ship  at  Sea,  yet  the  Moon  and  Star  will  move  to¬ 
gether,  as  if  they  did  really  touch  one  another  in  the  Pleavens  ;  fo  that 
an  Obfervation  may  be  made  as  exabtly  at  Sea  as  at  Land. 

And  by  the  fame  Inftrument,  may  be  obferved,  exactly,  the  Alti¬ 
tudes  of  the  Moon  and  Stars,  by  bringing  them  to  the  Horizon  ;  and 
thereby  the  Latitude,  and  Times  of  Obfervations,  may  be  determined 
more  exactly  than  by  the  Ways  now  in  ufe. 

In  the  Time  of  the  Obfervation,  if  the  Inftrument  move  angularly 
about  the  Axis  of  the  Telefcope,  the  Star  will  move  in  a  Tangent  of 
VOL,  VIII.  Part  i.  S  *  the 
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the  Moon’s  Limb,  or  of  the  Horizon  ;  but  the  Obfervation  may  not- 
withftanding  be  made  exactly,  by  noting  when  the  Line,  defcribed  by 
the  Star,  is  a  Tangent  to  the  Moon’s  Limb,  or  to  the  Horizon. 

To  make  the  Inftrument  ufefuJ,  the  Telefcope  ought  to  take  in  a 
large  Angle  :  And  to  make  the  Obfervation  true,  let  the  Star  touch  the 
Moon’s  Limb,  not  on  the  Outfide  of  the  Limb,  but  on  the  Infide. 

VI.  1.  This  apparent  Increafe  of  the' Moon’s  Diameter  (which  a 
Telefcope  with  a  Micrometer  fhews  to  be  only  apparent)  is  owing  to 
the  following  early  Prejudice,  which  we  have  imbibed  from  Children. 

When  we  look  at  the  Sky  towards  the  Zenith,  we  imagine  it  to  be 
much  nearer  to  us,  than  when  we  look  at  it  towards  the  Horizon  ;  fo  that 
it  does  not  appear  Spherical,  according  to  the  vertical  Section  EFGHI*, 
but  Elliptical,  according  to  the  Se&ion  e  Fg  hi.  For  this  I  appeal  to 
every  body’s  Senfe  of  feeing  •,  but  not  to  their  Reafon,  which  is  apt  to 
take  off  the  Prejudice  in  Perfons  that  have  fome  Knowledge  of  Aftro- 
nomy.  Whereas  any  other  Perfon  looking  up  very  high  towards  the 
Sky,  and  then  forwards  near  the  Horizon,  will  (when  afked)  fay,  that 
the  Sky  over  his  Head  appears  much  nearer.  The  Sky  thus  feen,  ftrikes 
the  Eye  in  the  fame  Manner  as  the  long  arched  Roof  of  the  Ifle  of  a 
Cathedral  Church,  or  the  Cieling  of  a  long  Room. 

This  being  premi  fed,  let  us  confider  the  Eye  at  C,  upon  the  Surface 
of  the  Earth,  and  imagine  C  at  the  Surface  to  coincide  with  K  at  the 
Centre  ;  to  avoid  taking  into  Confideration  that  the  Moon  is  really  far¬ 
ther  from  the  Eye  when  in  the  Horizon,  than  when  it  is  fome  Degrees 
high.  Now  when  the  Moon  is  at  G,  we  confider  it  as  at  g,  not  much 
farther  than  G  ;  but  when  it  is  at  H,  we  imagine  it  to  be  at  h9  almoft 
as  far  again.  Therefore,  while  it  fubtends  the  fame  Angle  as  it  did 
before  (nearly),  we  imagine  it  to  be  fo  much  bigger  as  the  Diftance 
fee  ms  to  us  to  be  increafed. 


I  have  contrived  the  following  Experiment  to  illuftrate  this  : 
fig- S8-  I  took  two  Candles  of  equal  Height  and  Bignefs,  A  B,  CD,  and 

having  placed  A  B  at  the  Diftance  of  6  or  8  Feet  from  the  Eye,  I 
placed  C  D  at  double  that  Diftance  •,  then  caufing  any  unprejudiced 
Perfon  to  look  at  the  Candles,  I  afked  which  was  biggeft  ?  and  the  Spec¬ 
tator  faid  they  were  both  of  a  Bignefs  •,  and  that  they  appeared  fo,  be- 
caufe  he  allowed  for  the  greater  Diftance  of  CD;  and  this  alfo  ap¬ 
peared  to  him,  when  he  looked  thro’  a  fmall  Hole.  Then  defiring 
him  to  flout  his  Eyes  for  a  Time,  I  took  away  the  Candle  C  D,  and 
placed  the  Candle  E  F  clofe  by  the  Candle  A  B,  and  though  it  was  as 
Ihort  again  as  the  others,  and  as  little  again  in  Diameter,  the  Spe&ator, 
when  he  opened  his  Eyes,  thought  he  faw  the  fame  Candles  as  before. 
Whence  it  is  to  be  concluded,  that  when  an  Object  is  thought  to  be 
twice  as  far  from  theEye  as  it  was  before,  we  think  it  to  be  twice  as  big, 
though  it  fubtends  but  the  fame  Angle.  And  this  is  the  Cafe  of  the 
Moon,  which  appears  to  us  as  big  again,  when  we  fuppofe  it  as  far 
again,  though  it  fubtends  but  the  fame  Angle, 


The 


An  'Explication  of  the  foregoing  Experiment .  l-jr 

The  Difference  of  Diftance  of  the  Moon  in  Perigeo  and  Apogeo,  will 
account  for  the  different  Bignefs  of  the  horizontal  Moon  at  different 
Times,  adding  alfo  the  Confideration  of  the  Faintnefs  which  Vapours 
fometimes  throw  on  the  Appearance. 

2.  Having  made  an  Experiment  with  three  Ivory  Balls  for  Confirma-  An  Explica¬ 
tion  of  what  I  had  advanced,  that  the  Deception  arifes  from  our  judg-  tion  of  the 
ing  the  horizontal  Moon  to  be  much  farther  than  it  is  *,  fome  Gentle-  for%oing  Ex- 
men  of  the  Society  were  convinced  by  the  Experiment,  but  others  were  ]f 

not  ;  which  obliges  me  to  give  this  further  Account  of  it,  that  People  p.392. 
may  judge  of  the  Thingin  Writing,  which  could  not  be  fo  well  attended 
to  in  the  Hurry  of  feveral  Perfons  viewing  the  Experiment  in  Hafte. 

1.  Two  equal  Ivory  Balls  were  fet  one  beyond  another  in  refpe£t  of  Fig.  59, 
the  Eye  at  E,  namely,  A  B  at  20  Feet  Diftance  from  the  Eye,  and  CD 

at. 40.  ", 

2.  It  is  certain,  by  the  Rules  of  Optics,  that  the  Eye  at  E  or  F  will 
fee  the  Ball  C  D  under  an  Angle  but  half  as  big  as  it  fees  the  Ball  A  B  ; 
that  is,  that  the  Bali  C  D  muff  appear  no  bigger  than  the  Ball  0  P 
placed  by  the  Side  of  A  B. 

3.  But  when  looking  at  the  two  Balls  with  the  naked  Eye  in  an 
open  Room,  we  confider  that  C  D  is  as  far  again  from  the  Eye  as  A  B, 
we  judge  it  to  be  as  big  as  A  B,  (as  it  really  is)  notwithffanding  it  fub¬ 
tends  an  Angle  but  of  half  the  Bignefs. 

4.  Now  it,  unknown  to  the  Spedlator,  (or  while  he  turns  his  Back) 
the  Ball  C  D  be  taken  away,  and  another  Ball  0  P  of  half  the  Diameter 
be  placed  in  the  fame  Line,  but  as  near  again,  at  the  Side  of  A  B,  the 
Spe6lator  thinking  this  laft  Ball  to  be  at  the  Place  of  CD,  muff  judge 
it  to  be  as  big  as  C  D,  becaufe  it  fubtends  the  very  fame  Angle  as  C  D 
did  before. 

It  follows  therefore.  That  if  a  Ball  be  imagined  to  be  as  far  again  as 
it  really  is,  we  make  fuch  an  Allowance  for  that  imagined  Diftance, 
that  we  judge  it  to  be  as  big  again  as  it  is,  notwithffanding  that  the 
Angle  under  which  we  fee  it,  is  no  greater,  than  when  we  look  at  it, 
knowing  it’s  real  Diftance. 

For  this  Reafon  the  Moon  looks  bigger  in  the  Horizon,  and  near  It, 
than  at  a  confiderable  Height,  or  at  the  Zenith:  Becaufe  it  being  a 
common  Prejudice  to  imagine  that  Part  of  the  Sky  much  nearer  to  us 
which  is  at  the  Zenith,  than  that  Part  towards  the  Horizon  *,  when  we 
fee  the  Moon  at  the  Horizon,  we  fuppofe  it  much  farther  ;  therefore 
as  it  fubtends  the  fame  Angle  (or  nearly  the  fame  Angle)  as  when  at  the 
Zenith,  we  imagine  it  fo  much  bigger  as  we  fuppofe  ids  Diftance 
greater. 

The  Reafon  why  this  Experiment  is  hard  to  make,  is  becaufe  the 
Light  from  the  Bali  0  P  is  too  ftrongly  reflected  on  account  of  ids 
Nearnefs  ;  but  if  we  could  give  it  fo  little  Light  as  to  look  no  brighter 
than  the  Ball  C  D,  it  would  deceive  every  body.  I  have  made  the  Ex¬ 
periment  fo  as  to  deceive  fuch  as  were  not  very  long-fighted ;  but  I 
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Objervatiom  of  the  Appearances  among  the  Fixed  Stars,  Sec. 

muft  confefs  I  have  found  it  very  hard  to  deceive  thofe  who  fee  at 
a  great  Diftance  ;  tho’  they  would  all  be  deceived,  if  the  Diftances 
were  of  300  or  600  Feet.  Now  in  the  Cafe  of  the  Moon,  the  Deceit 
is  helped,  becaul'e  the  Vapours,  through  which  we  fee  it  when  low, 
take  away  of  it’s  Brightnefs,  and  therefore  have  the  fame  Effect  as 
would  (or  does)  happen  in  the  Experiment,  when  the  Light  of  the  Ball 
0  P  (trikes  the  Eye  no  ftronger  than  the  Light  of  the  Ball  C  D. 


CHAP.  III. 

asfronomt. 

Obfer-valim,  I.  HESE  Appearances  in  the  Heavens,  have  borne  the  Name  of 

of  the  Appear -  j  Nebulous  Stars  :  But  neither  are  they  Stars ,  nor  fuch  Bodies  as 
ances  among  emjt^  0r  refleft  Light,  as  the  Sun,  Moon,  and  Stars  do;  nor  are  they 

TlkT^bt  Congeries,  or  Clufters  of  Stars,  as  the  Milky  Way  :  but  whitifh  M 
lous  Srars/^  like*  a  Colled  ion  of  Mifty  Vapours  ;  whence  they  have  their  Name. 

W.  Deriiam,  There  are  many  of  them  difperfed  about,  in  diverfe  Parts  oi  the 
V  D  Canon  Heavens.  There  is  a  Catalogue  of  them  in  Hevelius' s  Prodromus  Aftro- 

*F  ^  nomire,  which  may  be  of  good  ufe  to  fuch  as  are  minded  to  inquire  into 

428.  p.  70.  them. 

Belides  thefe  Dr  Halley  *  hath  mentioned  one  in  Orion's  Sword ;  ano¬ 
ther  in  Sagittary  ;  a  third  in  the  Centaur  (never  leen  in  England)  a 

fourth  preceding  the  right  Foot  of  Antinous-,  a  fifth  in  Hercules  ;  and 

that  in  Andromeda's  Girdle.  m.\  . 

Five  of  thefe  fix  I  have  carefully  viewed  with  my  excellent  eight  Foot 
Reflecting  Telefcope,  and  find  them  to  be  Phenomena  much  alike  ;  all 
except  that  preceding  the  right  Foot  of  Antinous,  which  is  not  a  Nebu- 
lofe ,  but  a  Ckfter  of  Stars,  fomewhat  like  that  which  is  in  the  Milky-Way . 

Between  the  other  four,  I  find  no  material  Difference,  only  lome  are 
rounder,  fome  of  a  more  oval  Form,  without  any  Fixed  Stars  in  them 
to  caufe  their  Tight  ;  only  that  in  Orion,  hath  fome  5iars  in  it,  vifible 
only  with  the  Telefcope,  but  by  no  means  fufheient  to  caufe  the  i  fight 
of  the  N ebulo f re  there.  But  by  thefe  Stars  it  was,  that  I  firft  perceived 
the  Diftance  of  the  Nebulofa  to  be  greater  than  that^or  the  Fixed  Stars , 
and  put  me  upon- enquiring  into  the  reft  of  therm  Every  one  of  which 
I  could  very  vifibly  and  plainly  difeern,  to  be  at  immenfe  Diftances  be¬ 
yond  the  Fixed  Stars  near  them,  whether  viftble  to  the  naked  Eye,  or 
Telefcopick  only  ;  yea,  they  feemed  to  be  as  far  beyond  the  Fixed 

v  Stars,  as  any  of  thofe  Stars  are  from  the  Earth. 

And  now  from  this  Relation  of  what  I  have  obferved  from  very 
good,  and  frequent  Views  of  the  Tdebulofre,  I  conclude  them  certainly 
not  to  be  Lucid  Bodies,  that  fend  their  Light  to  us,  as  the  Sun  and 

*  See  Vol.  I.  Chap.  iv.  §.  13.  andVol.  IV.  Chap.  iii.  §.  7° 

Moon. 
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Obfervation  of  the  Moon’i  'Tranft  by  Aldebaran, 


Moon.  Neither  are  they  the  combined  Light  of  Clufters  of  Stars,  like 
that  of  the  Milky -Way  :  But  I  take  them  to  be  v  aft  Area ,  or  Regions' vf 
Light ,  infallibly  beyond  the  Fixed  Stars,  and  devoid  of  them.  I  fay  Re¬ 
gions,  meaning  Spaces  of  a  vaft  Extent,  large  enough  to  appear  of  fuch 
a  Size  as  they  do  to  us,  at  fo  great  a  Diflance  as  they  are  from  us. 

And  fince  thofe  Spaces  are  devoid  of  Stars,  and  even  that  in  Orion 
itfelf,  hath  it’s  Stars  bearing  a  very  fmall  Proportion  to  it’s  Nebulo  N, 
and  they  are  vifibly  not  the  Caufe  of  it,  I  leave  it  to  the  great  Sagacity 
and  Penetration  of  this  Illuftrious  Society,  to  judge  whether  thefe  Ne- 
bitlofe  are  particular  Spaces  of  Light  ;  or  rather,  whether  they  may  not, 
in  all  probabality,  be  Chafms,  or  Openings  into  an  immenfe  Region  of 
Light,  beyond  the  Fixed  Stars.  Becaufe  I  find  in  this  Opinion  moft 
of  the  Learned  in  all  Ages  (both  Philofophers,  and  I  may  add  Divines 
too)  thus  far  concurred,  that  there  was  a  Region  beyond  the  Stars.  Thofe 
that  imagined  there  were  Cry  ft  alline ,  or  Solid  Orbs,  thought  a.  Caelum 
Empyrium  was  beyond  them  and  the  Primum  Mobile  ;  and  they  that 
maintained  there  were  no  fuch  Orbs,  but  that  the  Heavenly  Bodies  floated 
in  the  ASther,  imagined  that  the  Starry  Region  was  not  the  Bounds  of 
the  Univerfe,  but  that  there  was  a  Region  beyond  that,  which  they 
called  the  Third  Region,  and  'Third  Heaven. 

To  conclude  thefe  Remarks,  it  may  be  of  ufe  to  take  notice,  that  in 
Hevelius’ s  Nebiilofa,  fome  feem  to  be  more  large  and  remarkable  than 
others  ;  but  whether  they  are  really  fo,  or  no,  I  confefs  I  have  not  had  an 
Opportunity  to  fee,  except  that  in  Andromeda? s  Girdle,  which  is  as  confide- 
rable  as  any  I  have  feen.  In  his  Maps  of  the  Conftellations,  the  moil  re¬ 
markable  are  the  three  near  the  Eye  of  Capricorn •,  that  in  Hercules’s  Foot ; 
that  in  the  third  Joint  of  Scorpio’s  Fail ;  and  that  between  Scorpio’s  Tail 
and  the  Bow  of  Sagittary.  But  if  any  one  is  defirous  to  have  a  good 
View  of  thefe,  or  any  other  of  the  Nebulofre,  it  is  abfolutely  neceiTary  that 
he  fhould  make  ufe  of  very  good  Glaffes,  elfe  all  his  Labour  would  be 
in  vain,  as  I  have  found  by  Experience. 


Apparent  Time. 

H.  M.  S. 
7  40  00 

7  45  5 2 

7  49  4i 

S  13  04 

8  15  5° 


II.  1.  , 

The  Moon’s  Body  and  Aldebaran  feen  together  in  the 
diftindl  Bafe  of  the  Telefcope. 

The  Moon’s  fouthern  Limb  running  along  the  parallel 
Thread,  the  weltern  Limb  came  to  the  horary 
Thread. 

The  Glafs  remaining  fixed,  and  Aldebaran  running  along 
the  parallel  Thread,  (having  the  fame  Declination 
with  the  Moon’s  foutherly  Limb)  came  to  the  Inter- 
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feblion  of  the  Threads. 

The  Moon  again  running  along  the  Parallel,  came  to  the 
horary  Thread. 

Aldebaran  (the  Glafs  remaining  fixed)  came  to  the  firfl 
oblique  Thread  at  c . 
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2. 

An  Occultation  of  Aldebaran. 


to  the  hoary  Thread  at  b. 

to  the  fecond  oblique  Thread  at  a. 


of  Aldebaran, 
Dec.  23, 
1728,  Styl. 
Nov.  obferved 
by  D.  Chrift- 
friedKirchius, 
Afironomer 
Royal  at  Ber¬ 
lin.  No.  454. 
p.  223.  July, 
&c.  1739. 
fig.  61. 


Aldebaran  in  the  Line  palling  through  the  Culps,  his 
neareft  Diftance  from  the  Moon's  Body,  being  fome- 
what  lefs  that  the  Length  of  Mare  Crifium ,  or  nearly 
of  the  Moon's  Diameter. 
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The  Situation  of  the  Star,  with  regard  to  the  lunar  Spots  was  ob- 
ferved  in  the  following  Manner. 

Before  Obf  1.  6h.  20 h  I  obferved  the  Star  in  a  right  Line  drawn 
from  the  fouthern  Edge  of  Infula  Macra  {Pofidcnius)  through  the  nor¬ 
thern  Part  of  Pontus  Euxinus  (Middle  of  Mare  Serenitatis)  and  M. 
/Etna  ( Copernicus )  and  a  Line  from  M.  Sinai  to  the  Star  almoft 
touched  the  Shore  of  Sinus  Sirbonidis  (M.  Hunnorum ). 

At  the  Time  of  Obf.  1.  the  Star  was  in  a  right  Line,  drawn  from  the 
greater  black  Lake  ( Plato)  through  the  eaftern  Parts  of  Infula  Cerdnna 
(from  Kepler  toward  the  Lad). 

At  the  Time  of  Obf  2.  the  Star  was  in  a  Line,  continued  through  the 
Middle  of  Palus  Mreotis ,  and  the  Middle  of  M.  Adriaticum  (through 
the  Middle  of  Mare  Crifium  and  S). 

At  the  Time  of  the  Immerfion  of  the  Star,  the  following  right  Lines 
coincided  with  it,  and  marked  the  Place  of  the  Circumference  of  the 
Moon,  where  the  Star  was  hid.  1.  Lrom  the  Shore  of  Pontus  Euxinus 
(. M .  Serenitatis)  to  the  Northward,  through  M.  JEtna  ( Copernicus ). 
2.  From  the  Shore  of  the  Sinus  Apollinis ,  through  the  Loca  Paludofa 
(from  the  Shore  of  S,  Iridum  through  Kepler),  g.  From  M.  Sinai 
{Tycho)  through  the  fouthern  Shore  of  S.  Sirbonis  {M.  Humorum ). 
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The  Enierfion  of  the  Star  happened  over-againft  M.  Paropatniji 
( Furnerii )  and  in  a  right  Line  drawn  from  the  greater  black  Lake 
[Plato)  through  Byzantium  {Menelaus),  which  touched  the  extreme 
Bay  of  Pontus  (M.  NcSlaris). 

At  the  Time  of  Ohf.  y.  M,  Porphyrites  ( Ariftarchus )  the  northern 
Edge  of  L.  Lhefpitis  (. Fracaftorius )  and  the  Star  in  a  right  Line. 

At  the  Time  of  Obf  8.  the  upper  Lacus  Plyperboreus  ( Kermes )  the 
Middle  of  Palus  Maeotis  ( Mare  Crifium )  and  the  Star  in  a  right  Line. 

3-  '  ' 

h 

6,  27.  35  Immerfion, 

7.  29.  20  Emerfion. 

1.  1.  45  Duration. 


^Wittenberg 
/«Saxony,  ob - 
fer<ved  by  fo. 
Frid.  Weidler, 
F.  R.  S .  Ibid, 
P*  225. 


The  Obfervation  was  made  by  two  Spe<5lators  at  the  fame  time, 
with  one  Telefcope  of  9  Feet,  and  another  of  4. 

The  Immerfion  and  Emerfion  were  obferved  about  a  Minute  fooner 
by  the  long  Tube  than  by  the  fhort  one. 

The  Appulfe  of  the  Star  to  the  eaftern  Edge  of  the  Moon  was  about 
163°  of  Hevelius* s  moveable  Scheme  of  the  Full  Moon.  It  emerged 
about  2720  of  the  fame  Scheme.  Therefore  a  right  Line,  joining  the 
Points  of  Immerfion  and  Emerfion,  touches  the  Extremities  of  Mare 
Humorum  and  Nubium ,  and  paffes  between  Pitatus  and  Mare  Nubium . 

The  Sky  was  not  clear  at  the  time  of  the  Immerfion,  but  thin  Clouds 
alrnoft  continually  wandered  before  the  Moon  and  Star  *,  and  therefore 
the  Star  appeared  oblong  a  great  while  before  the  Occultation,  through 
the  Vapours  of  the  Atmofphere, 


Selenography 
p.  364.  4 


The  Occultation  at 
Emerged  at 
Duration  — 


5« 

5« 


27. 

29. 


1. 


2. 


6. 

59 1 
53- 


The  Sun’s  Tranfit  at  Noon  at  nh.  59b  52  V  the  Clock  gaining  of 
the  mean  Solar  Time  about  onefecond  in  a  Day. 

III.  i.  This  Obfervation  was  made  in  Fleet -ft  reet,  London ,  with  a 
Telefcope  of  10  Feet  in  Length,  fitted  with  a  Micrometer. 

App.  Time. 


At  5} 
6 
6 


44' 

25 

37 


6 

7 


46 

28 


45^  It  began. 

30  The  Cufps  were  vertical. 

30  The  Eclipfe  was  greateft,  the  lucid  Part  of  the  Sun’s 
Diameter  measuring  426  Parts,  whereof  the  Sun’s 
Diameter  meafured  2311.  So  that  the  Eclipfe  was 
9f  Digits. 

00  The  Cufps  were  horizontal. 

23  The  Eclipfe  ended. 

2.  I 


AFleet-ftreet, 
London,  oh- 
ferved  with  a 
reflecting  fele- 
fcope  of  15  In¬ 
ches  in  Lengthy 
by  Mr  G. Gra¬ 
ham,  F,  R. 
No.  459,  p. 
632.  Jan.&V. 
174Ii 

An  Obferaiati- 
of  the  Eclipfe 
of  the  Sun  on 
May  2,  1733,1 
in  the  After¬ 
noon ,  by  Mr 
G.  Graham, 
F.  R.  S.  No. 


429. 

Juty. 

D33 


p.  113, 

OV. 


Obfervations  with  a  ’Reflecting  'Telefcope ,  See. 

Of  the  [amity  2.  Iobferved  the  late  Eclipfe  of  the  San,  at  Norton- Court,  near 

Mr  Stephen  pever(ham  in  Kent ,  the  Seat  of  John  Godfrey ,  Efq;  and  the  Week  tol- 
Gray,  F.R.S.  |ow|ng_  being  with  Granville  fVheler ,  Efq;  at  Otterden- Place,  near 
xbl  'p‘  ”4'  Lenbam  in  Kent,  he  was  pleafed  to  communicate  to  me  his  Obfervations 
of  the  faid  Eclipfe. 


At  Norton- 
Court  by  Mr 
Gray,  p.  115, 


Obfervat. 


Appar.Time 

h. 

ITS. 

s. 

1 

5* 

49. 

15 

Beginning 

2 

5* 

53* 

15 

1  Digit 

3 

5* 

57- 

3° 

2  Digits 

4 

6. 

2. 

55 

3+ 

5 

6. 

11. 

50 

5 

6 

6. 

16. 

43 

6 

7 

6. 

21. 

7 

7 

8 

6. 

27. 

0 

8 

9 

6. 

32, 

45 

9, 

10 

6. 

37- 

30 

91 

1 1 

6. 

40. 

0 

9!  Greateft 

12 

6. 

56. 

56 

8 

*3 

7* 

0. 

35 

7J 

14 

7* 

7- 

0 

6 

15 

7- 

11. 

55 

5 

1 6 

7- 

i7* 

0 

4 

17 

7- 

21. 

15 

3 

18 

7* 

25. 

55 

2 

l9 

7* 

32* 

3° 

End 

Our  Obfervations  were  made  with  an  Fleholcopej  or  Inftrumcnt, 
confuting  of  a  Telefcope  and  Box,  with  a  Digit  Scheme  at  the  End  of 
it  The  Telefcope  was  6  Feet,  the  Box  2  Feet  in  Length,  and  the 
Sun’s  Ima^e  on  the  Scheme  was  6  Inches  L  in  Diameter.  The  Clock 
was  rectified  on  the  Day  of  the  Eclipfe,  and  proved  to  need  no  Cor¬ 
rection  for  feveral  Days  afterwards,  by  Obfervations  of  the  Sun  on  the 
Meridian.  The  Sun’s  Tranfit  was  taken  by  the  Paffage  of  it’s  Rays 
through  a  Hole  made  in  a  Brafs  Plate,  the  Center  of  which  Hole  was 
at  6  °Feet  and  3  Inches  perpendicular  Height,  above  the  horizontal 
Plane  on  which  the  Meridian  Line  was  drawn. 

At  Otterden-  Mr  Wheler  obferved  the  Beginning  at  5h  49 r  0  »  ^nc*  the_L^ nd  at 

Place,  by  Mr  ~h  -j/  aqII.  His  Obfervations  were  made  with  a  Teleicope  or  15  reet 
Whder,  p.  }enCrth,  and  his  Time  was  alfo  rectified  by  a  Meridian  Line  ;  but  it 
"  was  done  by  a  Tranfit  of  the  Rays  through  a  Hole  at  a  much  greater 

Height.  For  the  Brafs  Plate,  in  which  the  Hole  was  made,  was  fixed 
to  a  Window  in  the  Roof  of  his  Hall,  at  the  Height  of  27  Feet  above 
the  Meridian  Line  on  the  Floor. 


Obfervations  with  a  Reflecting  T ’elefcope ,  &c. 


3,  The  Beginning  at  5*h 

at  6. 
End  at  7. 


34-m 

0 

0 

00 

l7°  45 

00. 

00 

13-  36 

14. 

30 

2-  45 

Sun’s  Altitude, 


I  made  ufe  of  a  Quadrant  2  Feet  Radius, 
Lat.  Yeovil,  51°  • 


Of  the  fame , 
A  Mr  J .  Mil- 
is er,  Yeovil 

Somerfet- 
fliire.  Ibid, 
p,  1 16. 


4.  The  Latitude  of  Gottenburg  is  570,  40b  54^. 

The  Beginning  of  the  Eclipfe,  which  could  not  be  obferved  becaufe 
of  the  Clouds,  feems  to  have  happened  before  6h.  2  6'.  p.  m. 

I  " 

6.  38.  43  The  Sun  was  about  3  Digits  eclipfed. 

6.  49.  52  Six  Digits,  more  or  lefs. 

7.  14,  6  %  appeared. 

7.  14.  46  The  whole  Difk  of  the  Sun  began  to  be  covered. 

7.  1 5.  50.  The  greateft  Darknefs,  when  all  the  Stars  of  the  Great 

Bear,  the  Lion’s  Heart,  Sirius,  Procyon,  the  Bull’s 
Eye,  and  fome  others  were  vifible  :  but  neither  $  nor  ^ 
were  feen. 

7.  16.  54  The  Sun  began  to  dart  his  Rays  with  incredible  Quicknefs. 

7.  20.  12  Y  ftill  appeared. 

7.  41.  38  The  Sun  was  6  Digits  eclipfed. 

^  5.  5q  The  End  of  the  Eclipfe,  the  whole  Difk  of  the  Sun  fliining. 

Total  Duration  of  the  Eclipfe  at  Gottenburg,  i!  8". 


At  Gotten¬ 
burg  in  Swe¬ 
den,  by  D. 
Birgerus  Vaf- 
fenius,  Reader 
of  Mat  hem  a - 
ticks.  Ibid.  p. 

I34- 


The  total  Duration  of  this  Eclipfe  in  a  Place  called  Swenaker,  7 
Swedijh  Miles  from  hence,  in  Latitude  58°  15^,  was,  according  to  the 
Obfervation  of  my  Brother  Yorftanus  Vaflenius  by  a  Pendulum,  21  31 11 . 

Whilft  the  Sun  was  totally  covered,  1  faw  not  only  the  greateft  Part 
of  the  Spots  in  his  Difk,  but  alfo  the  Atmofphere  of  the  Moon,  with  a 
Telefcope  of  about  2  1  Swedijh  Feet  •,  it  was  a  little  brighter  at  the 
weftern  Limb  of  the  Moon,  at  the  time  of  the  greateft  Immerfion  ; 
but  without  that  Irregularity  and  Inequality  of  the  luminous  Rays, 
which  appeared  to  thofe  who  looked  without  a  Telefcope..  But  the 
moft  worthy  of  Obfervation  were  3  or  4  little  reddifh  Spots  in  it,  feen 
without  the  Circumference  of  the  lunar  Difk  •,  one  of  which  was  greater 
than  the  reft,  about  the  middle  Way  between  the  South  and  Weft,  ac¬ 
cording  to  the  beft  Judgment  that  could  be  made.  This  was  compofed 
of  3  fmaller  parallel  Parts  or  NubecuU ,  of  unequal  Length,  with  fome 
Obliquity  to  the  Circumference  of  the  Moon.  I  faw  it  plainly  preferve 
the  fame  Situation  for  40^  or  more:  but  at  length  a  Ray  of  the  Sun 
breaking  out  like  Lightning  deprived  me  of  any  farther  Opportunity 
of  obferving  fo  beautiful  a  Phaenomenon. 


Y  O  L.  VIII.  Part  i. 


T 


5.  Phafes 


i38 

’At  Witte  m- 
berg  in  Saxo¬ 
ny,  by  J oh. 
Frid.Weidler, 
Vrof.  Math, 
and  F.  R.  S. 
No.  433.  p. 

332  Ju!y> 

f£c.  1734. 


Eclipfes  of  the  Sum 
5.  Phafes  of  the  beginning  Eclipfe. 

h  ' 

636  5  p.  m.  Beginning  of  the  Eclipfe 

39  50  one  Digit 

45  1  two  Digits 

48  50  three  Digits 
52  50  four  Digits 
58  5  five  Digits 

Some  light  Clouds  come  over  the  Sun, 

Phafes  of  the  decreafing  Eclipfe. 
h  '  "  _ 

7  35  5°  ten  D]gits 

40  50  nine  Digits 


h  '  " 

7  2  50  fix  Digits 

7  50  feven  Digits 
10  50  eight  Digits 
15  50  nine  Digits 
19  50  ten  Digits 
29  20  eleven  Digits 


h  ‘  " 

7  44  50  eight  Digits 
46  5  the  Sun  lets 


Fig.  62. 


Eclipfe  of  the 
Sun  April  22, 
2734,  obferved 
at  Rome  by 
the  Abbot  Di- 
dacus  de  Re  • 
villas,  F.R.S. 
and  Andreas 
Cel  fius.-F.  R.S. 
Prof.  Allrun. 
Upfak  No. 
442.  p. 296. 
July,  &c. 
1736. 


The  Circle  drawn  in  the  Figure  reprefents  the  Image  of  the  Sun, 
of  the  fame  Magnitude  as  it  appears  at  the  Bottom  of  the  Heliofcope. 

The  Light  of  the  Sun  near  the  Orb  of  the  Moon,  which  I  have 
nfually  obferved,  in  other  Solar  Eclipfes,  to  have  a  vehement  Motion 
and  Undulation,  was  in  this  Eclipfe  perfectly  Hill  and  quiet. 

The  Orb  of  the  Moon  difcovered  a  manifeft  Afperity  to  all  the 
Obfervers,  efpecially  in  the  weftern  Part,  in  the  Phafes  that  were 
obferved  a  little  before  the  Setting  of  the  Sun  5  but  there  were, Home 
Intervals,  in  which  the  Tops  of  the  Lunar  Mountains  were  diftin- 
guifhed,  but  not  very  broad  or  deep.  By  the  Application  of  a  Scale 
nicely  divided,  I  eftimated  the  Depth  of  one  Valley  to  be  —k  Part  of 
the  Diameter  of  the  Moon. 

The  laffc  decreafing  Phafes  were  feen  thro5  thin  Clouds,  and  yet  the 
Moon  did  not  hide  from  us  above  11  Inches  of  the  Difk  of  the 
Sun. 

The  Setting  of  the  Centre  of  the  Sun  was  then  found  by  Calcu¬ 
lation  to  be  7^  39^  49;/  for  the  Horizon  of  JVittemberg ,  and  fo  it  was 
retarded  near  6  Minutes  by  the  Refradion  of  the  Rays  in  the  Clouds  of 
the  Horizon. 

IV.  This  Eclipfe  was  obferved  with  a  very  good  Telefcope,  of  about 
6  Roman  Palms  in  Length. 

True  Time  p.  m. 

h  /  11  Digiis. 

22  22  35  o  The  Beginning  feemed  to  be  a  fmall  Matter  over  thro* 
27  i  oi  the  Cloud. 

34  o  1 
42  6  ;f 

23  o  52  2 

3162  Ora  little  more,  and  the  greatefl  Darknefs  feemed  to  be 

10  31  2  at  Hand. 

.  2  8  r  1 6  1 1  .  . 

45  1 1  ok  J 

52  1  o  The  End,  From 


Eclipfe  s  of  the  Sun* 

From  the  4th  and  8th  Obfervations  we  may  gather*  that  the  greateft 
Darknefs  was  about  2311 
V. 

Apparent  Time,  p.  m. 
h  '  " 

4  12  55  The  northern  Limb  of  the  Sun  running  over  the  Parallel 
Thread  P  P,  the  weftern  Limb  touches  the  horary  Thread 
HH. 

12  42  The  fmall  Spot  near  the  northern  Limb  reaches  the  firft  ob¬ 

lique  Thread  1. 

13  1  The  Spot  reaches  the  horary  Thread  H  H. 

13  20  The  Spot  reaches  the  fecond  oblique  Thread  2. 

14  4 5  The  eaftern  Limb  of  the  Sun  reaches  the  horary  Thread. 

Then  cloudy. 

4  45  41  The  Sun  getting  out  of  the  Clouds,  the  Eclipfe  appears  thro* 

the  Telefcope  to  be  but  juft  begun. 

45  48  Still  imperceptible  to  the  Eye  thro*  a  coloured  Glafs. 

46  00  Now  very  fenfible.  Then  cloudy. 

5  5  29  The  fouthern  Limb  running  along  the  Parallel,  the  weftern 

Limb  reaches  the  horary  Thread. 

5  41  The  weftern  Cufp  of  the  Sun  reaches  the  horary  Thread. 

7  5  The  eaftern  Cufp  touches  the  horary  Thread.  Then  the  Sun 

was  covered  with  Clouds  till  it  fet. 

I  place  the  Beginning  at  4h  45'  31 !!,  p.  m. 

VI.  1. 

Appar.  Time.  p.  m.  At  -> 

h  1  11 

225  9  A  fmall  ImpreOion  appeared  on  the  Sun’s  Limb  ;  I  judge  the 

Beginning  to  have  been  about  5  or  6,r  fooner. 

32128  The  middle  of  the  firft  and  larger  Spot  was  covered. 

29  30  The  middle  of  the  fmaller  Spot. 

40  4  The  Cufps-  perpendicular. 

4  3  34  The  Cufps  horizontal. 

35  32  The  middle  of  the  larger  Spot  emerged. 

38  2 1  The  fmaller  emerged,  ora  little  before. 

4  52  57  The  Chord  between  the  Cufps  — 

55  00  The  Chord  — -  — . 

56  32  The  Chord  —  — 

59  34  The  Chord  - —  — 

Then  a  Cloud  cover’d  the  upper  Limb,  and  prevented  a  Sight  of 

the  ending,  which  was  foon  after. 


Eclipfe  of  the 
the  Sun  Sepu 
23,  1736. 
obferved  at 
London,  by 
J.  Be  vis,  M.D . 
No.  446.  p. 
98.  July,  &c, 

1 737» 

Fig.  63. 


Fig.  64. 


Eclipfe  of  the 
Sun ,  Feb.  1  8, 

1  736-7.  ob¬ 
ferved  in 
FJeetflreet, 
London,  by 
Mr.  Geo. 
Graham, 

F.  R.  S.  No; 
447.  p.  175. 
Jan. &c.  1 73  8», 


10  37 

954 

851 

632 


Between  twelve  and  one  a  Clock,  I  meafured  the  Diameter  of  the 
Sun  with  a  Micrometer.  At  the  Time  of  the  greateft  Obfcuration, 
the  lucid  Part  of  the  Sun’s  Diameter  was  equal  to  392  fuch  Parts  as  his 
whole  Diameter  contained  2188. 

T  2 


I  had 


— — At  the 
Royal  Ohfer- 
•vatory  at 
Greenwich, 

chferved  by 
J  Bevis, 

M.  D.  in 
Company  with 
Dr  Halley, 
Ibid.  p.  176. 
— Edinburgh, 
by  Colin  Mac 
Laurin,  Prof. 
Math.  F.R.S. 
Ibid.  p.  1  77. 
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Eclipfes  of  the  Sun . 

I  had  a  Tranfit  of  the  Sun  at  Noon,  and  of  Sirius  at  Night,  which, 
compared  with  preceding  ones,  I  found  my  Clock  went  too  fad  for 
mean  Solar  Time,  about  1 P  in  a  Day. 

2. 

Appar.  Time.  p.  m.  At 
h  '  " 

2  25  39  The  Beginning, 

5  3  29  The  End. 

At  the  End,  the  Sun’s  Limb  appeared  fomewhat  tremulous,  and  a 
fmall  thin  Cloud  came  over  it.  Dr  Bevis  judged  the  Time  might  be 
relied  on  to  2  or  ff. 

3.  In  the  Hiflory  of  Eclipfes  collected  by  PFcciolus,  there  are  very 
few  faid  to  be  Annular;  and  of  thefe  fome  have  been  controverted,  as 
that  feen  by  Clavius  at  Romey  April  9,  1567,  and  that  feen  bv  Jefenius 
at  ! Torgaw  in  Mifnia ,  Feb.  25,  1598,  which  are  both  difputed  by 
Kepler.  Some  Aftronomers,  Antient  and  Modern,  hare  been  of  Opi¬ 
nion,  that  no  Eclipfe  can  be  Annular :  and  Once  fuch  feem  to  have 
been  rarely  obferved,  and  I  have  not  met  with  a  particular  Defcription 
of  any  of  them,  I  fhall  give  as  full  an  Account  of  this  Eclipfe  as  I  can 
collect  from  the  Obfervations  that  were  made  here,  and  thofe  that  have 
been  communicated  to  me  from  the  Country. 

The  Sky  was  generally  favourable  in  the  Southern  Parts  of  Scotland 
during  the  Eclipfe  ;  and  though  there  were  great  Showers  of  Snow  in 
the  North,  they  had  fometimes  a  View  of  it.  There  was  fomething 
very  entertaining  in  the  annular  Appearance,  a  Phenomenon  that  was 
equally  new  to  all  who  faw  it,  that  gave  great  Delight  to  the  Curious, 
without  flriking  Terror  into  the  V ulgar.  It  extended  Southward  al- 
moft  to  Morpeth  in  Northumberland ,  and  beyond  Invernefs  Northward  ; 
fo  that  a  Part  of  England ,  and  almoft  all  Scotland ,  were  within  it’s 
Limits.  I  have  not  as  yet  learned  how  far  the  North  Limit  was  from 
us ;  but  I  am  informed,  that  the  Weather  was  very  unfavourable 
there. 

Ten  Days  before  the  Eclipfe,  I  wrote  to  many  of  my  Acquaintance 
in  the  Country,  defiring  that  they  would  determine  the  Duration  of 
the  annular  Appearance  as  exaftly  as  poflible  ;  in  Hopes,  by  comparing 
their  Obfervations,  to  have  traced  the  Path  of  the  Centre  and  the 
Limits  of  this  Phenomenon  after  the  Example  given  in  1715,  by  Dr 
Halley ,  to  whom  we  owe  the  beft  Defcription  of  an  Eclipfe  that  Aftro- 
nomical  Hiflory  affords.  I  fhall  give  an  Abflradt  of  the  Accounts  I 
received  in  Anfwer  to  thefe  Letters,  after  I  have  defcribed  our  Obfer¬ 
vations  at  Edinburgh. 

The  Times  of  the  Apearances  here  were  determined  by  a  Pendulum 
Clock,  which  Mr  Graham  gave  me  fome  Years  ago,  from  whom  I 
a’ifo  had  the  meridian  Inflrument  by  which  it  is  examined.  The  me¬ 
ridian  Line  was  often  adjufted  in  the  ufual  Manner,  and  an  exa6t  Ac¬ 
count  of  the  Sun’s  Tranfits  in  the  Meridian,  and  of  the  Tranfits  of 

Procyon 


14* 


Eclip/es  of  the  Sun . 

Procyon  in  a  fixed  Telefcope,  was  kept  by  Mr  Short  for  a  long  Time 
before  and  after  the  Eclipfe-,  and,  by  comparing  his  Obfervations,  I 
cannot  doubt  but  that  the  Times  were  determined  with  fufficient  Ex- 
a<5tnefs.  I  was  often  with  him  when  he  examined  the  Meridian,  and 
pbferved  thofe  Tranfits particularly  the  Day  of  the  Eclipfe,  when  by 
The  Sun’s  Paflage  in  the  Meridian,  we  found  that  the  Clock  was  before 
the  apparent  Time  13  Minutes  27  Seconds and  lo  much  I  have  fub- 
drafted  from  the  Times  that  were  marked  during  the  Ob  fervat  ion. 
The  Latitude  of  this  Place  is  commonly  laid  to  be  55  Degrees  55  Mi¬ 
nutes ;  and  by  fome  Trials  we  have  made  lately,  this  mult  be  near  the 
Truth,  though  in  fome  Maps  and  Tables  it  be  reprefen  ted  greater. 
By  comparing  an  Obfervation  we  had  here  of  the  End  of  the  Eclipfe  of 
the  Moon,  Nov.  20,  1732.  with  an  Obfervation  of  the  End  of  the 
fame  Eclipfe  by  Mr  Graham  in  Fleetftreet ,  the  Longitude  of  this 
Place  is;  a  little  more  than  i2!  of  Time  further  Weft. 

Some  Days  before  the  Eclipfe,  Lord  Aberdour  fet  up  a  Clock  in  the 
Caftle,  and  adjufted  it  with  mine  by  a  Watch  that  fhewed  the  Seconds. 
The  Clocks  were  compared  together  the  Day  of  the  Eclipfe  at  Noon, 
by  a  Cannon  fired  from  the  Caftle,  fome  Perfons  being  appointed  to 
attend  each  Clock,  and  mark  the  Seconds  when  they  heard  the  Sound : 
An  Allowance  of  2 ir  i  being  made  for  the  Progrefs  of  the  Sound, 
(which  was  determined  by  feveral  Trials  at  Night)  the  Clock  in  the 
Caftle  was  found  to  be  before  the  apparent  Time  nr  19^,  and  fo 
much  is  fubducted  from  the  Times  that  were  marked  in  the  Caftle 
during  the  Obfervation.  It  was  agreed  that  we  fhould  give  Signals  to 
one  another  mutually  at  the  Beginning  and  End  of  the  Eclipfe,  and  at 
the  Beginning  and  End  of  the  annular  Appearance.  His  Lordfhip’s 
Signal  from  the  Caftle  was  a  Cannon,  ours  from  the  College  a  Mufquet, 
Perfons  being  appointed  to  mark  our  Signals  from  a  proper  Place  of  the 
Caftle:  There  is  no  Regard  however  had  to  thofe  Signals  in  marking 
the  Times  of  the  Appearances.  Lord  Aberdour  made  ufe  of  a  reflect¬ 
ing  Telefcope  of  1 5  i  Inches  focal  Diftance,  that  magnified  90  times  ; 
only  he  obferved  the  annular  Appearance  with  one  ol  51  Inches,  that 
he  might  have  a  View  of  the  whole  Difk  of  the  Sun  at  once.  Mr 
Short  obferved  the  Beginning  of  the  Eclipfe  with  a  Telefcope  of  15^ 
Inches  focal  Diftance,  that  magnified  104  Times,  but  the  annular  Ap¬ 
pearance  with  one  of  the  fame  Length,  that  alfo  took  in  the  whole  Djfk 
of  the  Sun,  and  magnified  50  times.  The  refleCling  Telefcope  with 
which  I  obferved  the  Eclipfe  from  the  Beginning  to  the  End,  took  in  the 
whole  Difk  of  the  Sun,  (having  been  made  by  Mr  Short  for  this  Pur- 
pofe)  though  the  focal  Diftance  of  the  big  Speculum  be  9^  Inches ; 
and  though  it  bears  a  higher  Charge,  I  made  Ufe  of  an  Eye-glafs  on 
this  Occafion,  that  magnifies  only  50  times. 

By  a  Computation  that  had  been  made  here  from  Sir  J.  Newton’s 
Theory,  I  expeded  that  the  Eclipfe  would  begin  at  2h  6h  apparent 

Time  5  we  therefore  looked  attentively  towards  the  South- weft  Part 

of 
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oF  the  San’s  Limb  From  Two  o’Clock.  At  2*  5'  36"  we  perceived 
a  Deoreffion  that  was  iufl  difcernible  on  the  Sun’s  Limb  near  that 
Placed  our  Signal  was  then  made,  but  by  an  Accident  Lord  Aberdour 
had  been  hindred  from  obferving  the  Sun  at  that  Time:  However, 
when  he  looked  for  it,  he  faw  it  was  begun,  and  his  Signal  gave  gene¬ 
ral  Intimation  of  this  to  the  Town,  about  40"  after  we  had  firft 
perceived  it ;  and,  as  far  as  I  have  learned,  it  was  not  difeerned  by  the 
Eye  though  affifted  with  a  fmpaked  Glafs,  till  about  this  Time. 

I  obferved  the  Progrefs  of  the  Eclipfe  by  a  Heliofcope  ;  but  aftei 
10  Digits  were  eclipfed,  I  returned  to  the  Telefcope,  to  attend  the 
Beginning  of  the  annular  Appearance.  A  little  before  the  Annulus 
was  complete,  a  remarkable  Point  or  Speck  of  pale  Light  appeared 
near  the  Middle  of  the  Part  of  the  Moon’s  Circumference,  that  was 
not  yet  come  upon  the  Diik  of  the  Sun  ;  and  a  Gleam  of  Light  more 
faint  than  this^Point,  feemed  to  be  extended  from  ft  to  each  Horn  ; 
I  did  not  mark  the  precife  Time  when  I  firft  perceived  this  Light, 
but  am  fatisfied  that  it  could  hardly  be  lets  than  ^  of  a  Minute  before 
the  annular  Appearance  began.  Mr  Short  (who  was  in  another 
Chamber  at  fome  Diftance,  and  made  ufe  of  a  larger  Telefcope) 
aflures  me  that  he  faw  it  iolf  before  the  Annulus  was  completed  *,  and 
this  is  confirmed  by  a  Call  that  was  then  heard  from  the  Chamber 
where  he  was,  of  which  I  did  not  underhand  the  Meaning  till  we  met 
afterwards,  and  upon  which  the  Perfon  who  made  oui  signals  was 
about  to  fire,  if  I  had  not  forbid  him.  I  was  furprized  with  this 
Light  .at  firft,  and  did  not  immediately  recoiled:  that  it  proceeded 
probably  from  the  fame  Crown  that  was  feen  about  tne  Moon  in  a 
total  Eclipfe  of  the  Sun  at  Naples  m  1605  ;  and  was  obferved  by 
many  in  different  Parts  of  tLurope ,  in  the  three  late  total  Eclipfes  of 
ijo 6,  1715?  and  1724.  I  did  not  expedt  to  have  feen  this  Light, 
when  fo  much  of  the  Sun’s  Difk  was  uncovered;  but  as  I  kept  only 
fo  much  of  the  Difk  in  the  Telefcope  as  was  neceffary  for  ascertaining 
the  Time  of  the  Formation  of  the  Annulus ,  this  muft  have  con¬ 
tributed  to  my  difeovering  it;  for  this  Light  was  very  faint,  compared 
with  that  which  appeared  upon  the  Sun’s  Arch  near  the  fame  Place 
the  Moment  it  was  uncovered,  and  the  Annulus  completed. 

'*  Moft  of  thofe  who  obferved  the  Eclipfe  with  Telefcopes,  mention 
in  their  Letters,  that  as  the  Annulus  was  forming,  they  perceived  the 
Light  to  break  in  feveral  irregular  Spots  near  the  Point  of  Contad:, 
and  that  the  Limb  of  the  Moon  feemed  to  be  indented  there.  Some 
exprefs  themlelves  as  if  thofe  irregular  Parts  had  appeared  to  them  in 
■a  kind  of  Motion.  It  is  thus  defended  by  Mr  Bayne,  Profeffor  of 
the  Municipal  Law,  <•  What  appeared  to  me  moft  entertaining,  con- 
fidered  as  an  Objed;  of  Sight,  was,  when  the  Extremities  of  the 
6  Horns  formed  upon  the  Face  of  the  Sun  feemed  as  if  they  had  been 
■ in  the  Action  of  uniting  theft  Points,  the  Inequalities  on  the 
L Extremity  of  the  Moon’s  Dftk  gave  the  Appearance,  as  it  were,^ 
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«.of  fmall  Bodies  in  particular  Motion/  There  was  not  any  Undu¬ 
lation  at  this  Time  on  the  Circumference  of  the  Sun.  I  find  that  fucir 
Appearances  of  a  tremulous  Motion  in  certain  Periods  of  folar  Eclipfes 
are  mentioned  by  Hevelius  and  others.  Lord  Aberdour  obferved  the 
Beginning  of  the  annular  Appearance  with  a  fmaller  Telefcope,  and 
perceived  only  a  narrow  Streak  of  a  dufky  red  Light  to  colour  the  dark 
Edge  of  the  Moon,  immediately  before  the  Ring  was  completed, 
and  after  it  was  diffolved. 

At  3h  if  55^  the  Circumference  of  the  Sun  appeared  complete, 
and  perfectly  circular.  We  called  at  the  fame  Inftant  to  the  Perfon 
who  was  appointed  to  make  our  Signal,  and  in  a  Second  or  two  the 
Cannon  from  the  Caftle  was  heard.  The  Annulus  appeared  to  the 
Eye  to  be  central  for  fome  time,  but  in  the  Telefcope  it  was  always 
broader  toward  the  South- eaft  than  towards  the  North- weft  Part  of  the 
Sun's  Difk.  The  Breadth  appeared  much  greater  to  the  naked  Eye, 
than  could  have  been  expected  from  the  Difference  of  the  Semidiameters 
of  the  Sun  and  Moon.  This  was  fo  remarkable,  that  fuch  a  Phe¬ 
nomenon  muft  have  confirmed  thofe  Aftronomers  in  their  Opinion, 
who  imagined  that  the  Diameter  of  the  Moon  is  contracted  in  her 
Conjunctions  with  the  Sun.  This  Appearance  proceeded  chiefly,  I 
luppofe,  from  the  Light’s  incroaching  on  the  Shade,  as  is  ufual  *,  but 
whatever  was  the  Caufe,  every  Body  Teemed  furprized  that  the  Moon 
appeared  fo  fmall  upon  the  Difk  of  the  Sun. 

It  was  obferved,  that  the  Motion  of  the  Moon  appeared  more  quick 
in  the  Formation  and  Diffolution  of  the  Annulus ,  than  during  it’s 
Continuance.  This  is  particularly  defcribed  by  Mr  Fullarton ,  of 
Fullarton ,  in  a  very  exaCt  Account  of  the  Eclipfe,  as  it  appeared  at  his 
Seat  at  Crosby ,  near  Aire ,  on  the  Weft:  Coaft  of  Scotland .  He  writes  that, 

4  the  Annulus  appeared  to  be  nearly  of  an  uniform  Breadth,  during  the 
c  greater  Part  of  the  Time  of  it’s  Continuance,  but  feemed  to  go  off 
c  very  fuddenly  ;  fo  that  when  the  Difk  of  the  Moon  approached  to 
‘  the  concave  Line  of  the  Sun’s  Difk,  they  feemed  to  run  together 
(  like  two  contiguous  Drops  of  Water  on  a  Table  when  they  touch 
4  one  another  and  he  adds,  that  it  came  on  in  the  fame  way.  This 
Appearance  feems  to  be  accountable  from  the  fame  optical  Deception 
as  the  former. 

During  the  Appearance  of  the  Annulus ,  the  direCl  Light  of  the 
Sun  was  ft  ill  very  confiderable  *  but  the  Places  that  were  fhaded  from 
his  Light  appeared  gloomy.  There  was  a  Dufik  in  the  Atmofphere, 
efpecially  towards  the  North  and  Eafh  In  thofe  Chambers  that  had 
not  their  Lights  Weft  wards,  the  Gbfcurity  was  confiderable.  Venus 
appeared  plainly,  and  continued  vifible  long  after  the  Annulus  was 
di ffolved,  and  I  am  told  that  other  Stars  were  feen  by  fome:  One 
Gentleman  is  pofitive,  that  being  fhaded  from  the  Sun,  he  difcerned 
fome  Stars  Northwards,  which  he  thinks  by  their  Pofition  were  in 
Urfa  Major , 
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It  was  very  cold  at  this  Time  •,  a  little  thin  Snow  Fell ;  and  fome 
little  Pools  oE  Water  in  the  College  Area,  ^herethere ^  J°  1  * 

two  o’Clock,  were  frozen  at  Four.  A  reflecting  Telefcop  ? 

Size  and  of  a  much  greater  Aperture  than  ordinary,  that  too 
fhfwhot  sun,  and  burned  Clo|  very 
Glafs  at  the  Beginning  of  the  Eclipfe,  and 

not  then  be  ufed  with  Safety,  was  that  by  which  Mi  S hort  oWervca 
the  annular  Appearance.  Some  curious  Gentlemen  found,  that  a 
common  Burning- glafs,  which  kindled  Tinder  at  3 :  59  a"  f 
Cloth  at  4h  8'  had  no  Effeft  during  the  annular  Appearance,  and  tor 

fome  time  before  and  after  it.  .  _  . 

I  have  mentioned  thofe  Things  moftly  upon  the  Report  of  others  , 
for  during  the  greater  Part  of  this  Appearance  I  was  obErving  the 
Proerefs  of  the  Moon  upon  the  Difk  of  the  Sun  through  the  Tele- 
fcoDe  The  firft  internal  Contaft  ot  the  Dilks,  at  the  Formation 
of  Prhe  Annulus ,  was  confiderably  below  the  Weft  Point  of At ^  Sun  s 
Difk  •  and  the  fecond  Contact,  at  the  Diffolution  of  the  Annulus , 
famed  to  be  about  10  Degrees  Eaftwards  from  the  North  Point  ot 
Zenith  of  the  Difk:  But  I  did  not  find  that  the  Pofition  of  thofe 
Points  of  Contaft  could  be  eftimated  with  Exaftnefs  on  feveral  Accounts. 
The  Breadth  of  the  Annulus  towards  the  South-eaft  Part  of  the  Sun  s 
Difk,  was  at  leaft  double  of  it’s  Breadth  towards  the  oppofite  Part, 
about  the  Middle  of  this  Appearance.  An  Apparatus,  by  which 
was  in  Hopes  of  being  able  to  determine  thole  1  lungs  more  accurate  /, 
was  not  ready.  I  propofed  to  have  made  fome  Eft.mat.on  of  the 
Ratio  of  the  Continuance  of  the  annular  Appearance,  where  it  was 
central  to  it’s  Continuance  at  Edinburgh,  from  that  of  the  Arithmet  c 
Mean  betwixt  the  Numbers  that  fhould  exprefs  the  Proportion  of  the 
meateft  and  leaf!;  Breadth  gf  the  Annulus  to  the  Geometrical  Mean 
betwixt  the  fame  Numbers  ;  or  from  the  Ratio  of  the  A^at  to  th 
Sine  of  half  the  Arch  intercepted  between  the  two  Points  of  internal 
Contaft;  but  I  did  not  obtain  thefe  Ratio’s  with  fufficient  Exaftnef  . 

At  2h  01'  4.2 11  the  Annulus  was  diffolved,  after  having,  continue^ 

,■!  48".  And  here  again  our  Signals  were  heard  immediately  after 
one  another  :  The  Middle  of  the  Eclipfe  was  therefore  at  3"  28  49'  • 
In  this  the  Time  by  Obfervation  did  not  agree  fo  weh  with 1  th_  Time  by 
Computation  as  in  the  Beginning  of  the  Eclipfe,  the 
here  about  four  Minutes.  The  Irregularities  of  the  Moon  s  Sui  face 
occafioned  the  fame  Appearances,  in  fome  meafure,  as  at  the 
mation  of  the  Annulus.  When  I  returned  to  the  Heliofcope,  there 
was  fome  Time  loft  in  directing  it  towards  the  Sun  ;  and  wh 
I  got  the  Image  in  a  due  Pofition,  there  was  lefs  than  1 1  D  g 
eclipfed ;  and  I  fufpeft  that  it  never  amounted  to  full  1 1  Digits.  I 

had  no  Micrometer.  7  rl  v 

After  taking  fome  more  Digits,  I  went  with  ^ir  7° '  n 
a  neighbouring  Houfe,  to  obferve  the  End  of  the  Eclipfe,  bein^ 

%  0  '  ■' 
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afraid  we  fliould  not  be  able  to  fee  it  from  the  College,  By  a  Siena] 
that  was  made  to  the  Perfon  who  attended  the  Clock,  (V/  bein<y 
fubdudted,  that  were  loft  in  making  the  Signal)  the  End  was  at 

4'  44'  51  ,,The  ,W!nd  blew  hard  at  this  Time,  fo  that  the 
Telefcope  could  not  be  kept  very  fteady,  and  there  was  fome  Undu- 

ktion  on  the  Circumference  of  the  Sun ;  but  I  cannot  think  that  the 
Error  of  this  Obfervation  can  exceed  3  or  4",  the  Circumference  of 
the  Sun  appearing  to  me  complete  at  that  Inftant. 

I  fEall  now  lubjoin  the  Obfervations  that  were  made  in  the  Caftle 
and  College  in  one  View,  by  which  you  will  fee  that  they  aeree 
precifely  as  to  the  Continuance  of  the  annular  Appearance,  a  Coin- 
cidence  that  could  not  have  been  expected  ;  but  fo  it  is,  according  to 

the  Numbers  that  were  given  me  immediately  ^after  the  Eclipfe  by  thofe 
whoattended  the  Clocks.  A 


The  Beginning  of  the  Eclipfe  at 
The  Beginning  ot  the  annular  Apppearance 
Idle  End  of  the  annular  Appearance 
The  End  of  the  Eclipfe 
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By  Lord  Aberdour9 s  Obfervations,  the  lowermoit  and  biggeft  of 
the  two  Spots  that  appeared  upon  the  Difk  ot  the  Sun  in  the  upper 
Part,  was  touched  by  the  Moon  at  31*  4'  40"  and  this  Spot  was 
wholly  covered  at  5^  1  Mr  Short  obferved  another  Spot 

at  the  Circumference  of  the  Moon,  at  2h  24'  51 T  Though  the 
Obfervations  of  the  Digits  could  not  be  made  with  fo  much  Exaftnefs 
as  the  preceding,  on  fcveral  Accounts,  I  fhall  fubjoin  fome  of  them. 


The  Sun  was  eclipfed 


// 


2 
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At  Hopeton-Houfe ,  nine  Miles  Weil,  and  a  little  Northwards  from 
Edinburgh ,  Lord  Hope  obferved  the  annular  Appearance  begin  at 
Sj1  25 !  the  End  of  this  Appearance  at  311  31 1  and  the  End  of  the 
Eclipfe  at  4h  44T.  His  Lordihip  was  obliged  to  obferve  the  Eclipfe 
at  a  Diilance  from  the  Clock,  and  to  determine  the  Times  by  a 
Pocket  Watch,  that  had  been  adjufted  by  a  very  good  Dial  that 
Day  at  12  o’Clock  j  but  aifures  me  that  the  Duration  of  the  annular 
Appearance  was  6',  as  near  as  could  be  judged  by  a  Watch  that  did  not 
VOL.  VIII.  Part  i,  U  "  ,  ikew 
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.he  Seconds.  The  Moon  tV^Mi™," 

The  Emerfion  of  ttie  iame  Spot  was  at  4h  T  3 A  Idler  Spot,  higher 
IStol-- covered  til!  ax'  after  the  greater  Spot,  bn, 

e»»  »r  sM-  ,br  *  Miles.s°r;h 

from  Ain,  Mr  Fullaru,  obferved  die  Mipft 1  »  begin  at  ^CtocL 

A  diftindt  Annulus  was  formed  about  20  _atre  3,  a 

fvaftlv  7'  meafured  by  a  Pendulum  vibrating  Seconds  1 1  «appeared 
rather  broader  on  the  lower  Verge  of  the  Sun  ;  but  the.  Difference 
“nft  havet  en  ver,  fm.ll,  for  it »  bn,  b?el,d*ern,ble.n  a  Species 
of  the  Ecliofe  6  Inches  over,  call:  on  a  Piece  ot  iaper  Danina  tne 

p  niece  of  a  Telefcope  6  Feet  long.  He  adds,  that  the  Day-light 
ilye-piece  or  a  i  p  nn1v  fn  much  dimmer  than  ufual, 

was  not  greatly  obfeuredj  appearing  y  J  .  in  a  finp 

rs  that  of  the  Sun  is,  when  feen  through  a  very  gentle  Mift  m  a  fine 
Morning  in  April  or May.  Sir  ttmas  Wallace  found  that  the  annu- 

hr  AplIZJ  continued  a,  his  Houle  near  1 »V"  Pe- 

numb  "ferns  to  have  entered  Scotland  not  far  from  Irrnne. It 
Proceeded  afterwards  towards  the  Eaft,  with  a  confiderable  Inclina- 
fton  Northwards  •,  and  probably  left  Scotland  not  far  from  Mon- 
lofe  on  the  Eaft  Coaftf  For  the  Reverend  Mr  Juchterlony f  found 
that  the  annular  Appearance  continued  there  7',  as  near  as  he  could 
iudo-e  by  an  ordinary  Watch.  The  Annulus  alfo  appeared  to  hlrn  0 
an  uniform  Breadth,  through  a  common  Telefcope.  This  Obfervation 
though  not  fo  exaft  as  that  at  Crosby,  is  however  confirmed  by  that 
at  St  Andrew’s,  to  be  mentioned  afterwards.  The.e  two  «wa  10ns 
at  Crosby  and  Montrofe ,  were  made  nearer  the  Path  ot  the  Centre, 

any  others  that  have  been  communicated  to  me.  - 

As  for  the  Southern  Limit  of  this  Appearance,  the  Ecltpfe  was  not 
annular  at  Newcaftle ,  and  there  wanted  about  40  Degrees  ot  the  Limb 
of  the  Sun  to  appear  in  order  to  form  an  Annulus,  according  to  the 
Obfervation  of  Mr  Ifaac  LMmpfon.  The  whole  Duration  of  the  Ec  ip e 
was  -so»  lels  by  his  than  by  our  Obfervation  -,  and  the  bigger  Spot 
was  hid  ih  q<  35"  by  his  Obfervation,  the  Digits  cclipfcclac  its  Im- 
merfion  7,  7  >  at  it’s  Emerfion  4,  1.  Nor  was  the  Echpfe  annular 
at  Morpeth, ?  whence  Mr  John  WiUfon  writes,  that  the  Body  of  the 
Moon  appeared  almoft  entirely  on  that  of  the  Sun  ;  and  that  to  the 
naked  Eve,  the  Difk  of  the  Sun  feemed  to  be  almoft  round. 

But  of  all  the  Obfervations  that  have  been  communicated  to  me, 
that  of  Mr  Long  at  Longframlington* ,  determines  the  Southern  Limit 
with  the  greateft  Exadnefs.  The  Annulus,  he  fays  was  very  ImaU 
there  upon  the  upper  Part,  and  the  Duration  40  or  41  half  Seconds, 
meafured  by  a  Pendulum  9,  81  Inches  long-,  from  wh‘ch  we  may 


*  Longframlington  is  7  computed  Miles  on  this  Side  of  Morpeth* 
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conclude,  that  the  Limit  was  very  near  this  Place.  I  have  received  no 
Accounts  concerning  this  Appearance  from  any  Places  on  the  Weft  Coaft 
of  England.  At  Alnwick  in  Northumberland  the  Eclipfe  was  annular, 
but  I  have  not  heard  that  the  Time  of  it’s  Continuance  was  meafured. 

At  Berwick ,  the  annular  Appearance  continued  betwixt  4  and  5  b 
The  End  of  the  Eclipfe  at  Dunbar ,  by  Mr  Mark's  Obfervation,  was 
at  4h  4T  16^5  but  there  was  fome  Miftake  committed  in  reckoning 
the  Vibrations  of  the  Pendulum  in  meafuring  the  Continuance  of  the 
Annulus. 

At  St  Andrew's ,  this  Appearance  was  obferved  to  continue  precifely 
6b  by  a  Pendulum  Clock,  by  Mr  Charles  Gregory  and  Mr  David 
Young ,  Profefibrs  in  the  Univerfity.  By  a  Figure  of  the  Annulus 
taken  from  it’s  Image,  projected  through  a  Telefcope  upon  a  Paper 
Screen,  the  Breadth  towards  the,  South-eaft  Part  of  the  Sun’s  Dilk 
is  rather  more  than  double  of  it’s  Breadth  towards  the  oppoftte  Part. 

I  have  already  mentioned  the  Obfervation  at  Montrofe.  At  Aberdeen, 
the  Annulus  was  obferved  by  Mr  John  Stewart ,  Math.  Prof,  for  f  2fC 
It  was  almoft  central,  when  the  Clouds  deprived  him  of  any  further 
View  of  it-,  he  -thinks  it  probable,  that  it  continued  thereabout  6b 
Several  Gentlemen,  who  live  on  the  Coaft  Northwards  from  Aberdeen , 
were  defired  to  obferve  the  Continuance  of  the  Annulus  %  but  I  do 
not  find  that  any  of  them  law  this  Phaenomenon  from  the  Beginning  to 
it’s  End. 

At  Elgin ,  the  Eclipfe  was  obferved  annular  at  f  29 1  the  larger 
Part  of  the  Ring  being  uppermoft,  by  the  Reverend  Mr  Irwin , 
who  had  a  View  of  it  for  about  30 ;b  but  by  reafon  of  intervening 
Clouds  could  not  determine  the  Beginning  or  End  of  this  Appearance. 
At  Caftle  Gordon ,  Mr  Gregory  had  one  View  of  the  Eclipfe  while  it 
was  annular,  but  could  make  no  further  Obfervation  for  the  fame 
Reafon. 

At  Invernefs ,  the  Eclipfe  was  annular  for  fome  Minutes,  as  I  am 
informed  by  feveral  Gentlemen  but  they  did  not  meafure  the  precife 
Time  how  long  it  continued.  By  the  Accounts  I  have  had  from  Fort 
Auguftus  and  Fort  William ,  it  is  doubtful  whether  the  Eclipfe  was 
annular  in  thofe  Places  or  not.  Fort  Auguftus  is  at  the  Weft  End  of 
Lochnefs ,  and  probably  was  not  far  from  the  Northern  Limit  of  this 
-Phenomenon.  I  have  as  yet  received  no  Accounts  of  this  Appearance 
from  any  Place  further  Northwards,  or  from  any  Place  in  the  Weft, 
but  thofe  I  have  mentioned.  Some  Gentlemen  in  Argylejhire ,  who 
obferved  this  Eclipfe,  were  deprived  of  a  View  of  the  Annulus  by  the 
Clouds. 

Mr  Walker ,  an  ingenious  Gentleman  at  Frazerhurgh  on  the  North 
Coaft,  found  that  from  the  Time  of  the  Ring’s  beginning  to  appear  upon 
the  lower  and  Weftern  Part  of  the  Sun’s  Dilk,  till  it  began  to  break 
on  the  Eaft  and  upper  Part,  there  were  300  Vibrations  of  a  Pendulum, 

U  2  or 
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or  5?.  The  Ring  feetned  fomewhat  narrower  even  at  the  Middle  of 
the  Eclipfe  on  the  lower  Part. 

This  is  the  Sum  of  what  I  have  been  able  to  learn  concerning  the 
Obfervations  of  this  Eclipfe,  that  were  made  in  this  Country,  and  in 
the  neighbouring  Parts  of  England,  I  have  made  fome  Computations 
relating  to  the  Extent  of  the  annular  Penumbra ,  and  the  Direction  and 
Velocity  of  it’s  Motion  ;  but  fince  I  have  not  a  Efficient  Number  of 
exad  Obfervations,  by  v/hich  I  might  examine  them,  it  would  be 
of  little  IJfe  to  defer i be  them.  Had  the  Weather  been  more  favour¬ 
able  in  the  North,  and  my  Requed  of  having  the  Duration  of  the 
annular  Appearance  meafured,  been  made  more  public  before  the 
Eclipfe,  after  Dr  Halley* s  Example  in  1715  ;  I  doubt  not  but  J  fliould 
have  been  able  to  have  given  a  more  exad  Account  of  the  Progrefs 
of  the  Centre  of  this  Phenomenon,  and  of  it’s  Limits  ;  but  I  had 
been  difeouraged  from  publifhing  any  Thing  concerning  it,  by  our 
bad  Fortune  in  feveral  late  Eclipfes,  of  which  the  Clouds  had  not 
allowed  us  the  lead  View. 

I  am  informed,  that  there  was  very  little  Notice  taken  of  this 
Eclipfe  by  the  Populace  in  the  Country  ;  and  I  cannot  but  add,  that 
feveral  Gentleman  of  very  good  Credit,  who  are  not  in  the  lead 
fhort-figh ted,  adure  me,  that  about  the  middle  of  the  annular  Ap¬ 
pearance  they  were  not  able  to  difeern  the  Moon  upon  the  Sun,  when 
they  looked  without  a  fmoaked  Glafs,  or  fomething  equivalent. 

I  have  taken  Notice  of  this,  becaufe  it  may  contribute  to  account 
for  what  at  fird  Sight  appears  furprizing,  that  there  are  fo  few  annular 
Eclipfes  in  the  Lids  collected  by  Authors.  Kepler ,  in  his  Aftron . 
Optic,  does  not  feem  to  acknowledge,  that  any  Eclipfe,  truly  annular, 
had  ever  been  obferved.  There  are  none  mentioned  by  Ricciolus ,  from 
the  Year  334  till  1567,  though  there  are  13  or  14  total  Eclipfes 
recorded  within  that  Period  ;  yet  it  is  allowed,  that  the  Extent  and 
Duration  of  the  annular  Appearance  may  be  confiderably  greater  in 
the  former,  than  of  the  Darknefs  in  the  latter.  It  may  have  contri¬ 
buted  to  this, 'that  annular  Eclipfes  mud  have  been  rather  incident  in 
the  Winter  Seafon  in  the  Northern  Hemifphere,  and  that  Eclipfes 
have  been  more  readily  total  in  the  Summer,  when  their  Chance  of 
being  vifible  was  greater,  and  the  Seafon  more  favourable  for  obferving 
them.  But  perhaps  the  chief  Reafon  why  few  annular  Eclipfes 
appear  upon  Record,  is,  that  they  have  not  been  didinguifhed  in  mod 
Cafes  from  ordinary  partial  ones.  The  Darknefs  didinguifhed  total 
Eclipfes,  or  fuch  as  were  very  nearly  total ;  and  it  is  thefe  chiedy,  Hi- 
dorians  mention.  There  are  two  central  Eclipfes  of  the  Sun  dill 
famous  amongd  the  Populace  in  this  Country  :  That  of  March  29, 
1652  was  total  here,  and  that  Day  is  known  amongd  them  by  the 
Appellation  of  Mirk  Monday .  The  Memory  of  the  Eclipfe  of  Feb . 
25,  1 598 ,  is  alfo  preferved  amongd  them,  and  that  Day  they  term, 
in  their  way,  Black  Saturday .  There  is  a  Tradition,  that  fome  Perfons 
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in  the  North  loft  their  Way  in  the  Time  of  this  Eclipfe,  and  perifhed 
in  the  Snow. 

There  was  a  remarkable  -total  Eclipfe  of  the  Sun  in  this  Country, 

June  17,  1433,  the  Memory  of  which  is  now  loft  among  the  Popu¬ 
lace  *,  but  it  appears  from  a  Paflage  in  a  Manufcript  in  our  Library, 
that  it  was  formerly  called  by  them  the  Black  Hour ,  after  their  yifual 
Manner.  It  is  defcribed  thus:  4  This  year  there  was  a  wonderful 
4  Eclipie  of  the  Sun,  on  June  17,  about  3  in  the  Afternoon*,  and 
4  for  about  half  an  Hour,  a  Darknefs  like  Night  overfpread  the  Face 
4  of  the  Earth  *,  fo  that  nothing  was  vifible  to  human  Eyes  *,  whence 
4  it  has  commonly  been  called  the  Black  Hour  *  This  Eclipfe  is  not 
in  Ricciolus9 s  Catalogue,  but  is  mentioned  by  him  in  another  Place, 

Spool,  Cap .  2.  L.  5.  By  a  Computation  of  this  Eclipfe,  the  Sun  was 
within  two  Degrees  of  his  Apogeum ,  and  the  Moon  within  13  Degrees 
of  her  Perigeum  ;  fo  that  this  mu  ft  have  been  a  remarkable  Eclipfe. 

The  Progrefs  of  the  Shadow  was  towards  the  South-eaft  *,,  and  Sethus 
Calvifius  cites  the  Furkijh  Annals  for  it’s  being  total  in  Tome  Parr  of 
their  Dominions. 

P.  S.  We  looked  for  the  Occultation  of  Aldeharan  by  the  Moon  on 
Feb .  25,  in  the  Evening.;,  but  the  Star  palled  by  the  upper  Horn3 
without  being  hid,  at  a  Diftance  from  it,  that  was  by  Eftimation 
nearly  equal  to  the  Diftance  betwixt  the  near  eft  Part  of  the  Spots 
Eudoxus  and  Arifiotk. 

4.  We  had  a  very  fine  bright  Day  for  obferving  the  Eclipfe  ;  and  —  ^/Edin- 
never  was  any  Thing  of  that  kind,  I  believe,  obferved  with  more  ExaTt-  hurgh,  by  tie 
nefs.  in  feveral  Places  for  10  Miles  round  this  City,  as  well  as  in  it, 
were  feme  fkilful  Perfons  ftationed  for  that  Purpofe :  X  myfelf  hap-  oneofthT*' 
pened  to  be  in  the  Caftle  here,  which  is  an  Eminence  at deaft  of  500  Barons  of  his 
or  600  Feet  in  Height,  befides  a  great  Afcent  from  the  Level  of  the  Majeffs  Ex~ 
Sea  to  the  Foot  of  the  Rock  upon  which  it  is  fituated. 

Mr  Mac  Laurin  had  placed  himfelf  at  a  Window  in  our  College  ;  ibid.  p.  loV, 
others  were  lent  where  the  Eclipfe  we  fuppofed,  would  he  perfectly 
central,  about  12  or  14  Miles  farther  North. 

A  Gun  from  the  Caftle  was  fired  at  22^  after  Twelve,  mean  Time, 

(or  12^  22lf  before  Twelve,  apparent  Time)  upon  which,  by  Agree¬ 
ment,  the  Clocks  and  Watches  of  the  Observers  were  adjufted*  A 
fecond  Cannon  was  difeharged  precifely  when  the  Eclipfe  began, 
which  was  at  f  %6ff  after  Two.  A  third  was  difeharged  when  the 
annular  Appearance  began,  which  was  at  251  f  after  Three  *,  it’s 
Continuation  was  f  48  M  A  fourth  Cannon  was  fired  at  the  End 
of  the  Eclipfe,  which  was  at  44 J  50^  after  Four  *,  all  reckoned  by 
apparent  Time.  We  had  half  a  fcore  gopd  receding  Telefcopes  to 
make  thefe  Obfervations,  and  our  Calculations  perfedly  agreed,  fo 
that  you  may  depend  upon  them  as  moil  exact. 

This  v/as  not  done  by  us  as  a  Matter  of  mere  Curiofity*  but  to 
afiift  in  afeertaining  the  Motions  of  the  Moon*  on  Sir  1 .  fifewtori3 s 

Theory 


Fig- 


—At  Trinity- 
College,  Cam¬ 
bridge,  and  at 
Kettering ; 
communicated 
in  a  Letter 
from  Mr 
Charles 
Mafon,  Ibid. 
P-  l97' 


Ecltpfes  of  the  Sun. 

Theory  upon  which  a  good  deal  of  the  Doctrine  of  the  Longitude 
will  depend.  Sir  Ifaac* s  Calculation,  as  to  the  Beginning  of  this 
Eclipfe,  was  pretty  right  *,  but  not  fo  well  as  to  it’s  central  Appearance. 
Two  Spots  in  the  Sun  made  a  very  diftindt  Appearance  to  ns,  as  they 
entered  under  the  Moon’s  Body,  one  was  a  little  above  the  central 
or  horizontal  Line  of  the  Sun,  fhaped  as  in  the  Figure  *,  the  other  was 
near  the  Edge,  on  the  Eaft  Quarter.  The  firft,  by  Comparifon  with 
the  Sun’s  Diameter,  was  larger  than  the  Difk  of  our  Earth  ;  it  was 
dark  in  the  Middle,  and  certainly  emitted  no  Fire  or  Light.  The 
Edge  of  the  Moon  appeared  a  little  ragged  or  rough,  but  not  moun¬ 
tainous,  becaufe  of  the  Sun’s  Light.  There  was  no  confiderable 
Darknefs,  but  the  Ground  was  covered  with  a  kind  of  a  dark  greenifh 
Colour.  Two  Stars  appeared,  the  Planet  Venus ,  and  another  farther 
Eaftward.  This  Account  is  what  you  may  depend  on. 

h  /  " 

5.  The  Beginning  by  the  Clock  —  —  — at  2  36  40 

The  End  — -  — ■  —  —  • — •  —  —at  5  14  12  Exacl. 
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The  leffer Spot  immerge d  — -  —  ■ —  —  —  —at  2  58  50 

The  greater  Spot  began  to  immerge  - —  • —  —  —  at  3  33  05 

The  Middle  — >  • —  —  • — -  —  at  3  33  20 

The  End  at  —  —  —  — -  —  — 3  33  37 
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Eclipfes  of  the  Sun, 

'  r  ,  '  ,  ,  f  .  _  r  v..  -  *  •• 

Times  obferved  at  Ketterings  as  Follow : 


Beginning  —  — 

2  Digits  — 

Centre  —  —  - 

End  —  —  — 


2  21 

2  36 

3  °7 

4  22 

4  59 


Great  Spot  immerfed  • — •  —  — 1  —  —  — 3  *8 


N.  B,  The  Obfervatory  Clock  was  ir  50"  too  flow,  which  being 
added  all  the  way  will  give  true  Time. 

6.  The  Beginning  of  this  Eclipfe  was  above  feven  Hours  fooner  than 
by  our  Calculations.  For  at  3h  33'  36 ",  part  of  the  Sun’s  Limb 
feemed  to  be  obfeured  by  the  Moon,  as  we  looked  through  a  fmoaked 
Glafs,  fitted  to  a  Telefcope  of  1 1  Feet,  whereas  but  a  little  before, 
at  33",  the  Sun  appeared  quite  round  thro’  the  fame  Telefcope. 
But  the  Calculations  placed  the  Beginning  of  the  Eclipfe  at 


3h  41 C 

We  then  obferved  the  Digits  of  the  Eclipfe  on  a  white  Table,  upon 
which  the  Rays  of  the  Sun  were  thrown,  by  an  Optical  Tube  of  6 
Feet ;  there  was  a  Circle  inferibed  on  the  Table,  meafured  by  the 
Image  of  the  Sun,  and  divided  into  Digits  and  half  Digits.  The 
Obfervation  was  pretty  much  diilurbed  by  the  Yv  ind  fhaking  the 
Inftrument.  The  following  feem  to  have  been  the  molt  certain 

Phafes. 


h  1 

q  40  about  one  Digit  was  eclipfed* 

3  48  two  Digits. 

3  57  three  Digits, 

4  6  four  Digits. 

4  1 5  i  five  Digits. 


4  35  feven  Digits. 

4  45  feven  Digits  %  which  feemed  to  us  the  greateft  Darknefs* 
4  55  feven  Digits  again,  the  Eclipfe  now  decreafing. 


When  the  Appearance  of  the  Sun  going  down  began  to  appear  too 
fluctuating  and  trembling,  and  disfigured  from  a  round  into  an  oval 
Shape,  we  left  off  meafuring  the  Digits,  becaufe  it  was  not  attended 

with  fufficient  Certainty.  *  p 

Some  Spots  appeared  in  the  Sun,  efpecially  3,  the  Pofitions  or 

which  at  Noon  that  Day,  being  deferibed  from  the  Obfervations,  is 
0  exhibited 
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Fig.  66. 


Eclipfe  s  of  the  Sum 

exhibited  in  the  Scheme.  We  have  thus  determined  the  Occultations 
of  two  of  thefe  by  the  fame  Tube  of  1 1  Feet. 


h  ' 

4  23 

23 

24 

26 
2  6 


18  The  Limb  of  the  Moon  touches  the  Corona  of  the 
Spot  A. 

49  It  begins  to  touch  the  Nucleus  of  the  Spot  A. 

25  It  hides  the  whole  Nucleus . 

14  It  touches  the  Spot  B. 

31  It  covers  the  whole. 


—  On  Mount 
Aventine  at 
Rome,  by  the 
Abbot  Didacus 
de  Ravillas, 

F  R.  S. 

Ibid.  p.  200. 


7.  The  Image  of  the  Sun  was  thrown  thro5  a  Telefcope  of  Cam¬ 
panus  upon  a  white  Table,  with  a  Circle  equal  to  the  Image,  divided 
into  12  Digits.  The  Phafes  obferved  by  this  Inftrument  are  as 
follow. 


h  ' 

3  43 

5 1 

4  o 

9 

18 

t7 

3° 


lf  p.  m. 

4  The  Limb  of  the  Sun  was  found  to  be  a  very  little  ob- 
fcured  by  the  Limb  of  the  Moon. 

50  one  Digit. 

40  two  Digits. 

30  three  Digits. 

20  four  Digits. 

10  five  Digits. 

00  fix  Digits,  whilft  the  Limb  of  the  Moon  touches  the 
Centre  of  the  Sun,  thick  Clouds  take  away  the  Sight 
of  both  Luminaries,  and  of  the  fucceeding  Phafes  of 
the  Eclipfe. 


——At  Wit- 

temberg  in 
Saxony,  by 
J.  Frederick 
Weidler. 
Ibid.  p.  20 1. 
Fig.  67. 


8.  Digits  of  the  decreafing  Eclipfe 


11  p.  m. 

3 1 
16 

36 

26 

16 

16 


f  ,  (  * 

Afterwards,  as  the  Sun  went  down,  it  was  hid  in  Clouds.  The  Be-’ 
ginning  could  not  be  feen  becaufe  of  Clouds. 


—  yftPhila-  9.  The  Eclipfe  Feb.  18.  could  not  be  well  obferved  here,  by 
delpbia  m  Reafon  of  Clouds.  I  rectified  my  Clock  by  one  of  Heath's  large 

lyAXr  Kearfly.  Lials.  At  yh  18'  there  was  a  fmall  Dent  in  the  Sun’s  Edge, 

bio.  446.  ‘  whence  the  Beginning  1  or  21  fooner:  Juft  before  the  End,  viz,  ioh 
p.  121.  July,  xi  or  12',  I  had  a  Sight  of  the  Sun  again,  and  there  was  then  a 
Dent  in  the  Sun’s  Edge,  fo  that  the  End  muft  be  ioh  13  or  14'  in 
2  4  the 


Eclipfes  of  the  Sun, 

the  Morning :  About  the  Middle  of  the  Eclipfe,  there  was  a  large 
Spot  near  the  Middle  of  the  enlightened  Part  which  was  the  North 
Side  of  the  Sun. 

VII.  i.  This  Obfervation  was  made  by  a  Refra&ing  Telefcope 
of  12  Feet  Focus )  armed  with  a  Micrometer,  and  by  a  reflecting 
Telefcope  of  9  Inches  focal  Length. 


*53 


n 


a.  m. 


Beginning  of  the  Eclipfe  at 
End  at  —  ■ — •  - —  * — 


Quantity  of  Obfcuration  by  the  Micrometer 


Duration 


-  9  59  2° 
-11  59-36 

dig.  min. 
~3  28 

h  /  n 
• — 2  00  16 


Eclipfe  of  the 
Sun,  obferved 
Aug.  4,  1738. 
by  Mr  George 
Graham  and 
Mr  Short, 

FF.  R.  S.  at 
Mr  GrahamV 
Houfe  in 
Fleetftreet* 
London. 

No.  453. 
p.  91.  Aprilj 
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N.  B.  The  Perfon  who  was  obferving  the  Tranflt  of  the  Sun 
over  the  Meridian,  obferved  the  End  to  be  at  the  fame  Inftant  with 
the  above  Obfervation.  /  ■ 

2.  This  Obfervation  was  made  with  a  Tube  of  7  Feet,  armed  with  ^  Andre^sa  * 
one  of  Mr  Graham9 s  Micrometers.  Celfius, 
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Becaufe  of  the  Clouds  that  covered  the  Sun  at  times,  I  could  not 
obferve  the  greateft  Darknefs  and  other  Phafes  ol  the  Eclipfe  ;  but  we 
may  deduce  from  thefe  Obfervations,  that  the  greateft  Obfcuration 
was  o  8;  Digits  at  i2h  30'  37T 

3.  I  could  not  obferve  either  the  Beginning  or  End  ot  the  Eclipfe,  —  f  Wit- 
becaufe  of  the  Clouds;-  but  as  they  were  iometimes  broken  by  the 
Wind,  I  had  an  Opportunity  to  obferve  the  following  Phafes. 
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The  firft  Phafe  of  the  increafmg  Eclipfe  was  obferved, 
Digit-. 

p.  m.  Another  Phafe  was  feen,  2  Digits  30'. 

The  third  Phafe  of  the  decreafing  Eclipfe  was  feen. 


job.  Frid, 
Weidler, 
F.R.S.  Ibid, 
p.  92. 
j  Fig.  68, 


There  were  alfo  feen  at  the  fame  Time  10  Spots  in  the  Difk  oi 
S  "v  O  L.  VIII.  Part  i.  X  The 
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Bologna, 
by  Euftachius 
Manfred  i, 

F.  R.  S. 

Ibid,  p.  94. 


Fig.  69. 


Eclipfes  of  the  Sun. 


The  Difk  of  the  Moon  under  the  Sun  fliewed  the  Circumference 
exactly  terminated,  without  any  Inequality,  and  very  black.  No  Trace 
of  any  Atmofphere  on  the  Orb  of  the  Moon  could  be- perceived. 

The  Calculation  taken  from  the  Ludovician  Tables  erred  both  as 
to  the  Magnitude  and  Time:  For  the  Magnitude  was  predicted  to  be 
2  Digits  2cd;  and  the  Middle  to  be  i2h  5  b 

4,  As  the  Difk  of  the  Sun  abounded  with  Spots  at  this  Time; 
on  the  Morning  of  the  approaching  Eclipfe,  about  2xh  gcd  p.  m, 
Euftachius  Zanotti  Phil .  Do  Ft,  and  Math .  Prof.  Publ.  my  Collegue, 
traced  out  the  Fofition  of  the  chief  of  them,  by  the  Fid p  of  a  Mi¬ 
crometer,  fitted  to  a  Tube  of  8  Feet.  Thefe  occupied  chiefly  the 
fouthern  Part  of  the  Sun,  which  the  Moon  was  to  cover.  It  was  not 
neceflfary  to  defcribe  them  all,  nor  could  it  be  done  for  the  Multitude 
of  Spectators.  Thofe,  of  which  the  Places  could  be  determined,  are 
lhewn  in  the  Scheme. 

The  Beginning  of  the  Eclipfe  was  not  perceived  before  22h  52^  25^, 
p.  m.  tho9  I  had  long  obferved  it  with  a  Tube  of  1 1  Feet,  and  others 
with  other  Tubes.  I  am  of  Opinion  however,  that  the  Concadi  of 
the  Luminaries  happened  at  leaft  a  Minute  fboner,  than  I  perceived  it ; 
which  feems  to  be  confirmed  by  the  fucceeding  Phafes. 

The  Digits  defcribed  by  Circles  on  a  Table,  after  the  ufual  Manner, 
and  the  Parts  of  Digits  are  determined  by  Eft  i  mat  ion.  The  Te- 
lefcope  was  6  Feet ;  the  Image  was  2  Inches  or  thereabouts.  The 
Phafes  of  the  Emerfion  are  more  certain  than  the  Phafes  of  the  Ini- 
merfion  for  many  Reafons. 


Phafes  of  the  Immerfion. 

True  Time. 
h  /  n 


Phafes  of  the  Emerfion. 
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Eclipjh  of  the  Sun „ 

In  the  mean  Time,  the  Spots  of  the  Sun  were  covered  and  uncovered 
after  the  following  Manner. 


True  Time. 

h  /  // 

23  3  5° 

21  3 

21  4  9 
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25  10 
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Spot  C  covered  by  the  Moon,  with  a  Tube  of  8  Feet. 

Spot  A  begins  to  be  hid,  with  a  Tube  of  1 1  Feet, 

The  Centre  of  the  Spot  A  is  hid. 

The  whole  Spot  immerges. 

The  firft  of  the  2  Spots  at  B  begins  to  immerge. 

The  Centre  of  the  fame  Spot  is  hid. 

The  whole  Spot  is  hid. 

The  latter  of  the  2  Spots  at  B  touches  the  Limb  of  the 
Moon  with  it's  Centre.  Hitherto  I  obferved  with  the 
fame  Telefcope  of  1 1  Feet. 

The  Spot  D  begins  to  be  hid,  with  the  Tube  of  8  Feet. 

The  whole  Spot  is  hid  with  the  fame  Tube. 

The  Spot  A  begins  to  appear  on  the  Image  of  the  Sun 
thrown  on  the  Table. 

The  fame  Spot  had  entirely  emerged,  with  it’s  Ring  with 
the  Tube  of  1 1  Feet. 

Emerfion  of  the  Centre  of  the  firft  of  the  two  at  B, 

Total  Emerfion  of  the  fame  Spot. 

Total  Emerfion  of  the  latter;  ail  thefe  with  the  fame  Tube 
of  11  Feet. 


The  Obfervations  both  of  Spots  and  Digits  were  made  by 
feveral  other  learned  Men  befides  Zanotti ;  and  all  obferved  the  Time 
by  the  fame  Clock,  which  was  afterwards  corrected  by  Obfervations 
of  the  Meridian. 

During  the  Eclipfe,  I  obferved  the  Tranfit  of  the  Moon  over  the 
Sun  by  the  Plane  of  a  mural  Semicircle  fufpended  at  the  Meridian. 

To  determine  the  Tran  (it  of  the  Moon,  I  noted  the  Time,  when 
a  very  fmall  Segment  of  the  Difk  of  the  Moon,  vifible  upon  the  Sun, 
under  the  horizontal  Thread  of  the  Telefcope,  appeared  to  be  bifedled 
by  the  vertical  Thread  *,  for  then  the  very  Centre  of  the  Moon 
mud  have  been  on  the  vertical  one.  But  the  Centre  of  the  Moon 
palled  over  the  Centre  of  the.  Sun  at  2 3h  59 ;  2 6,f.  p.  m.  1  he 
Meridian  Altitude  of  the  Northern  Limb  of  the  Moon  was  590  36 1 
if!  ;  of  the  Northern  Limb  of  the  Sun,  590  53 f  ofK 
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Eclipfe  of  the 
Sun  obfer<ved 
at  Wittem- 
berg  in  Sax¬ 
ony,  July  24, 

1 739*  b  J°b. 
Frid,  Weidler. 
No.  454. 
p.  226 
July,  ts4. 

3  739- 
Fig.  70. 
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Appulfe  of  the  Moon  to  the  Spot  a. 
T  he  whole  Spot  a  is  covered. 
Appulfe  of  the  Moon  to  the  Spot  d. 

‘ — - - - - -  to  the  Spot  e. 

- . - - — —  to  the  Spot  b. 

Total  Immerfion  of  b. 

Appulfe  of  the  Moon  to  the  Spot  c. 
Total  Immerfion  of  the  Spot  c. 
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The  Spot  b  begins  to  emerge. 

The  Middle  of  the  Emerfion  of  A 
Total  Emerfion  of  b. 

The  Spot  c  begins  to  emerge. 
Middle  of  the  Emerfion  of  c. 
Total  Emerfion  of  c. 

The  Spot  a  begins  to  emerge. 
Total  Emerfion  of  a% 

Emerfion  of  d . 

Emerfion  of  e . 


Fig.  70.  Shews  the  Difk  of  the  Sun  in  the  Situation  in  which  it 
appears  thro’  the  Heliofcope. 

Fig.  71.  Reprefents  the  Spots  of  the  Sun  in  that  Situation  which 
tneyhad  about  the  Beginning  of  the  Eclipfe;  of  which  the  Immerfion 
and  Emerfion  were  obferved  during  the  Eclipfe. 

The  Moon  came  upon  the  Sun  at  about  102°  from  the  Zenith  5 
and  went  off  at  about  53  0  from  the  fame  Zenith. 

At  tilt  1  une  of  the  greateft  Darkneis  the  Orb  of  the  Moon  did  not 

appear 
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appear  quite  black  thro*  the  Telefcope,  but  tinged  with  red  ;  but  the 
Spots  of  the  Moon  were  not  diftinguifhable. 

The  Edge  of  the  Moo(i  on  the  left  Side  toward  the  South,  about 
the  Time  of  the  greateft  Darknefs,  fhewed  the  Tops  of  it’s  Mountains, 
which  were  alfo  perceivable  in  the  Image  painted  by  the  Telefcope. 

The  reft  of  the  Edge  appeared  even. 

During  the  whole  Eclipfe,  the  Circumference  of  the  Moon  appeared 
naked,  without  any  Miff  or  Cloud,  which  fometimes  hang  over  it  in 
other  Eclipfes.  But  about  the  End,  when  one  Digit  about  the  Difk 
of  the  Sun  was  ftill  hid,  there  was  a  vehement  Motion  of  the  Solar 

Light  on  the  rough  Edge  of  the  Moon. 

In  the  laft  Place,  I  muft  not  omit,  that  a  Friend  of  mine  very 
fkilful  in  thefe  Affairs,  who  viewed  the  Sun  thro’  a  Telefcope  of  9 
Feet,  about  4h  31'  obferved  a  Light  in  the  dark  Difk  of  the  Moon 
refembling  Lightning;  and  that  the  fame  Obferver^  about  f 
affirmed  to  all  the  Company»  that  he  faw  again  3  f  imes  fuch  Co- 
rufcations  breaking  out  on  a  fudden. 

IX.  The  Obfervation  was  made  with  a  reflecting  Telefcope  of  16  £tlipf e  of  the 

Inches  Focus,  that  magnified  about  40  Times.  ^  .  San,  Dec.  19. 

The  Beginning  'could  not  be  feen  for  Clouds  about  the  Horizon.  1739. 

About  35 1  after  8  o’clock,  there  was  an  Opening,  when  the  Sun 

feemed  to  be  about  2  or  3  Digits  eclipfed.  Short  /«Sur- 

End  was  exa&ly  obferved  at  f  ir  45",  Time  apparent.  rey-ftreet. 

No.  459.  p.  633.  Jan.  &c.  1741. 


v  -  » 

X.  A  Projection  of  the  Arches  and  Circles,  conceived  upon  the 
illuminated  Hemifphere  of  the  Earth,  upon  a  Plane,  may  ferve  very 
well  to  fhew  any  Eclipfe  of  the  Sun  ;  and  if  the  Places  fituated  on 
the  Surface  of  the  Earth,  as  Cities,  Shoars,  Illands,  &c.  are  mferted 
in  the  Projection,  and  if  a  Circle  is  added,  to  exprefs  toe  Pofition 
and  Maonitude  of  the  Lunar  Penumbra,  and  fome  ftnaller  Circles 
eoncentncal  with  it,  we  have  then  in  one  View  thofe  Places,  where  the 
Sun  is  covered  by  the  Moon,  and  where  any  Part  of  it  is  withdrawn  from 

our  Sight.  1  .  .  ,  A 

But  fuch  an  Image  is  momentary,  and  as  it  (hews  with  great  Accuracy 

what  happens  at  any  precife  Point  of  Time  ;  as  for  Inftance,  when  the 
Centre  of  the  Lunar  Penumbra  firft  enters  the  Difk  of  the  Earth,  it 
cannot  exhibit  the  other  Phenomena,  which  depend,  partly  on  the 
Rotation  of  the  Earth,  partly  on  the  Motion  of  the  Moon.  1  has  it 
we  would  exhibit  in  this  Manner  all  the  Appearances  of  an  Eel i pie,  as 
they  fucceed  each  other, we  mud  delineate  a  great  Number  of  Projections ; 
which  would  be  an  Affair  of  infinite  Labour,  and  would  hardly  be 

recompenfed  by  the  Pleafure  expected.  .  .  .  ,  , 

'Whilft  the  Earth  turns  round,  the  Circles  of  Latitude  indeed,  and 
confcquently  the  Projection  of  them,  remain  the  fame;  but  the  Me¬ 
ridians,  or  Circles  of  Longitude,  are  continually  changed,  anc  con. 

'  3  fequently 
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fequently  the  Projection  of:  them  v  and'  the  SiHariom  of;  the  Places  of  the 
Earth,  fo  far  as  depends  upon  them.  j  •  .  /  ■  •  :  ,o  • 

But  the  artificial  Globe  of  the  Earth,  fhews  the  Hemifphere  il¬ 
luminated  by  the  Sun  at  any  Point  of  Time,  with  very  little  Trouble. 
For  the  Pole  being  elevated  above  the  Horizon,  or  deprefted  below 
it,  fo  that  the  Elevation  or  Depreffion  may  be  equal  to  the  Declination 
of  the  Son  at  that  given  Time;  or,  which  comes  to  the  fame  End, 
the  Sun’s  Place  being  put  in  the  Ecliptic  of  the  Globe  in  itfs  Zenith, 
the  artificial  Horizon  becomes  .the. Boundary  of  the  Light  and  Shade ; 
for  it  diftinguifhes  the  illuminated  Hemifphere  of  the  Earth  from  the 
dark  one,  and  nothing  remains  to  exhibit  plainly  the  illuminated  He- 
miiphere,  but  to  turn  the  Globe  round  upon  it’s  Axis,  till  it  obtains  die 
Situation  which  the  Flour  of  the  Day  requires. 

i  hus  what  is  very  difficult  in.  Projections,,  is  with  great  Eafe  per¬ 
formed  by  the  Globe,  and  alfo  more  conformably  to  Nature.  When 
I  confidered  this,  I  found  we  ftill  wanted,  in  order  to  reprefent  all 
the  Phenomena  of  any  Eclipfe  of  the  Sun,  to  project  the  Lunar 
Penumbra  upon  the  Globe,  and  to  make  an  Inftrument,  to  reprefent 
the  Situation  of  it  at  any  Time,  and  to  refer  it  to  thofe  Places  of 
the  Earth  which  are  marked  upon  the  Globe.  By  which  Facility  of 
doing  the  Thing,  I  was  induced  to  think  of  fuch  an  Inftrument  ;  and 
accordingly  I  have  attempted  to  execute  it  after  the  Manner  represented 
Pig.  72.  in  Fig.  72. 

It  is  a  common  terreftrial  Globe,  furnifhed  with  it’s  Horizon, 
Meridian,  and  Hour  Circle.  To  the  Horizon  are  fattened  two 
wooden  Arms,  A  B,  ab,  in  Length  a  little  exceeding  the  Semidiameter 
cj  ’  one  End  of  each  of  thefe  Arms,  is  made  to  embrace 

the  Horizon,  and  may  be  fattened  to  any  Part  of  it  by  Means  of  Skrews, 
one  of  which  is  fiiewn  at  D. 

On  the  oppoiite  Extremities  B  b,  are  placed  wooden  Columns, 
perpendicular  to  the  Horizon  BE,  be ,  of  the  Height  of  the  Semi- 
diameter  of  the  Globe,  and  of  the  Breadth  of  the  Brazen  Meridian, 
lo  that  a  right  Line  being  drawn  thro’  the  Tops  of  the  Columns 
cannot  touch  the  Meridian. 

On  the  Top  of  each  Column  is  a  little  Ball  of  Rrafs ;  each  of  thefe 
Balls  is  perforated  by  an  Iron  Axis,  appearing  on  both  Sides,  and 
firmly  joined  to  the  Ball.  The  lower  Parts  of  the  Axes  were  fixed 
Ho  tne  Columns,  jo  that  the  Balls  are  held  faft  in  a  Situation  pa¬ 
rallel  to  the  Horizon  of  the  Globe. 

i  he  upper  Parts  of  the  Axes  are  round  and  polifhed,  as  well  as 
the  upper  Surfaces  of  the  Balls;  and  receive  round  Plates  of  Brafs 
E  F  G,  ef  g,  which  reft  upon  the  Balls  in  ftich  a  Manner,  that  being 
turned  rouncHhe  Axes  they  always  remain  parallel  to  the  Plane  of  the 
Horizon.  I  he  Plates  are  about  3  Inches  in  Diameter,  and  each  of 
them  has  a  Notch  in  the  Circumference,  to-  receive  a  Thread.  The 
Plate  efg,  is  fomething  lefs  than  the  Piate  EFG;  and  this  Diffe- 

fere  nee 
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rence  in  Magnitude  is  no  Injury  to  the  Inttrument.  Befides  it  has 
nothing  Particular  in  it ;  and  therefore  it  is  only  fattened  with  a 
Ball’to  keep  it  from  falling  off  the  Axis. 

But  the  other  Plate  EFG  has  a  Circle  infcribed  upon  it,  divided 
into  Degrees,  and  an  Index  PI  is  added,  to  fhew  the  Number  of  thofe 
Parts.  This  is  fo  fituated,  as  to  turn  round  the  Axis  without  moving 
the  Plate,  or  being  affe&ed  itfelf  by  any  Motion  of  the  Plate,  In 
order  to  this,  a  little  immoveable  Ball  is  placed  between  the  Plate 
and  the  Index,  for  the  Index  to  turn  round  upon  it  any  Way. 

Then  there  are  three  Rays  of  Brafs,  ik ,  it,  im ,  connected  in  /, 
containing  equal  Angles  kil,  lim ,  mik\  and  the  Plane  *  is  perfo- 
rated  with  a  very  fmall  Hole.  The  Rays  are  elaftick,  and  as  thin  as 
could  be  made  to  be  firm,  and  nearly  of  the  Length  of  i  Part  of  the 
Globe.  The  Rays  have  alfo  little  Perforations  at  /  and  thro9 
which  a  Thread  being  drawn  is  brought  round  the  Plates  by  mFGg 
fel ,  the  Ends  being  fattened  together  between  /  and  ■*»,  wherefore 
the  Skeleton  of  the  Penumbra  is  alfo  rendered  immoveable  at  the 
Part  of  the  Thread  elm  E,  it’s  third  Ray  lying  freely  on  the  Part  of 
the  Thread  g  G  ;  hence  the  Skeleton  is  turned  either  away  in  a  right 
Line,  upon  the  Turning  of  the  Plate  E  F  G,  or  efg. 

By  this  Conttrudtion  might  be  difcovered  how  many  Parts  of  the 
Divifion  of  the  Plate  EFG  would  anfwer  to  the  Diameter  of  the 
Globe,  after  this  Manner.  T  he  Arms  A  B,  a  b,  are  fo  placed,  that 
upon  the  Skeleton’s  being  moved,  it’s  Centre  /  would  run  thro9  the 
Diameter  of  the  Globe  ;  and  to  effeci  this,  the  Horizon  of  the  Globe 
^  is  placed  in  a  Situation  parallel  to  the  Horizon  of  the  Earth,  and  a 
Pendulum  in  is  let  fall  from  that  Centre,  to  fhew  the  Points  of  the 
Horizon,  over  which  the  Centre  would  hang.  Therefore  moving  the 
Centre  forward,  according  to  the  whole  Length  of  the  Diameter  of 
the  Globe,  we  might  note  the  Number  of  Parts  of  the  Plate  EFG, 
which  have  patted  in  the  mean  Time  thro9  the  Index  H  ;  which  being 
carefully  obferved,  mutt  be  retained  in  Memory,  fince  the  Ufe  of  it, 
as  well  as  of  every  Thing  that  has  hitherto  been  defcribed,  will  occur 
in  the  Reprefentation  of  all  Eclipfes.  Thefe  that  follow  mutt  be 
changed  according  to  each  particular  Eclipfe. 

i  he  Principal  of  thefe  is  the  Difk  of  the  Penumbra^  which  I  have: 
endeavoured  to  effedt  after  the  following  Manner.  Having  found, 
by  the  Tables  for  the  Eclipfe  which  I  would  reprefent,  the  Semi- 
diameter  of  the  Lunar  Penumbra  on  the  Difk  of  the  Earth,  as  alfo 
the  horizontal  Parallax  of  the  Moon,  I  argued  thus ;  as  the  horizontal 
Parallax  of  the  Moon  is  to  the  Radius  of  the  penumbrous  Difk,  fo 
is  the  Semidiameter  of  the  terreftrial  Globe,  that  I  made  ufe  of,  to 
the  Quadrant,  which  expreffed  the  Radius  of  the  Penumbra  required: 
by  the  Magnitude  of  the  Globe. 

As  the  Size  of  the  Inflrument  feemed  not  to  admit  of  a  Divittorf 
into  12  Parts,  I  divided  that  Radius  into  6,  and  defcribed  concentri- 

cal: 


Defcription  of  an  Inflrument  to  reprefent  Eclipfes. 

cal  Circles  on  a  thicker  Paper,  which  I  cut  into  ArmilLe  according  to 
them.  I  palled  the  biggeft  of  thefe  to  the  Skeleton  kl  fo  that 
the  Centre  might  agree  with  the  Centre  of  the  Skeleton  i  ;  then  I 
rejected  the  fecond,  and  palled  the  third  to  the  Skeleton  in  the  like 
Manner,  and  rejecting  the  fourth,  I  palled  on  the  fifth,  rejecting 
alfo  the  inner  Circle  ;  fo  that  the  Figure  might  arife,  as  it  is  deferibed 
between  him.  The  Ufe  of  it  is  to  fhew,  that  all  the  Places  marked 
upon  the  Globe,  which  lie  under  the  outer  Edge  of  the  greateft 
Circle,  fee  the  Beginning  or  End  of  the  Eclipfe,  that  thofe  which  are 
lituated  under  the  inner  Edge  of  the  fame  Circle,  fee  2  Digits 
eclipfed  ;  that  thofe  which  lie  under  the  outer  Edge  of  the  fecond 
Circle  have  an  Eclipfe  of  4  Digits,  and  fo  on  •,  but  that  thofe  which 
lie  under  the  Centre  fee  the  Eclipfe  total  ;  for  I  have  thought  it  fufficient 
to  mark  the  Shadow,  becaufe  of  it’s  Srnallnefs,  thro’  the  very  Centre. 

To  let  every  Thing  in  order  for  any  Moment  of  a  given  Eclipfe, 
we  muft  proceed  in  the  following  Manner.  Having  found  by  Calcu¬ 
lation  the  Points  of  the  Bound  of  Light  and  Shadow,  by  which  the 
Centre  of  the  Moon  fird  enters  the  Did;  of  the  Earth,  and  again  de¬ 
parts  from  it,  they  are  to  be  marked  on  the  Horizon  of  the  Globe, 
and  the  Arms  AB,  ab ,  are  to  be  placed  fo  that  the  Plate  E  FG  being 
turned  round,  the  Centre  i  of  the  Difk  of  the  Penumbra  klm  may 
pais  over  them  •,  and  whether  this  is  done  or  not,  will  be  fhewn  by 
the  Pendulum  in.  Then  I  find  the  Time  when  the  Centre  of  the 
Penumbra  is  in  any  remarkable  Place,  as  when  it  fird  enters  the  Difk 
of  the  Earth,  and  place  the  Globe,  by  means  of  the  Meridian  and 
Equator,  without  the  Help  of  the  Hour  Circle,  in  fuch  a  Manner, 
that  the  Part  above  the  Horizon  may  dew  the  Hemifphere  of  the 
Earth  at  that  Time  illuminated  by  the  Sun.  I  then  turn  the  Plate 

J 

E  F  G  till  the  Centre  of  the  Penumbra  /,  is  perpendicularly  over  that 
remarkable  Place,  as  the  Bound  of  Light  and  Shadow,  for  Example  ; 
which  I  call  the  primary  Situation  of  it,  and  this  being  obtained,  I 
move  the  Index  H  of  the  Plate  to  the  Beginning  of  the  Divifion. 
Thus  every  Thing  is  rectified  for  this  Time,  and  it’s  Phenomena  may 
be  collected. 

Now  the  horary  Motion  of  the  Moon  from  the  Sun,  being  taken 
from  the  Tables,  I  infer,  that  as  the  horizontal  Parallax  of  the  Moon, 
is  to  this  horary  Motion  of  the  Moon*,  fo  is  the  Number  of  Parts 
of  the  Plate  E  F  G,  which  an fwers  to  the  Semidiameter  of  the  Globe, 
found  above,  to  the  Quadrant,  which  fhews  how  many  Parts,  upon 
turning  the  Plate  round,  are  to  be  drawn  thro’  the  Place  of  the  Index, 
that  the  Situation  of  the  Difk  of  the  Penumbra  may  be  had,  an  Hour 
before  or  after  the  Time,  which  anfwers  to  the  primary  Situation. 
The  Difk  therefore  being  brought  to  this  Place,  and  the  Globe  being 
turned  round  the  Axis,  the  Phenomena  of  this  Time  may  be  had  in 
like  Manner. j'  ;•  -  :  3u. 


Now 


Defer  iption  of  an  Inftriiment  to  reprefent  the  Edlipfes.  x6  v 

Now  the  Situations  of  the  other  Times  are  eafiiy  obtained.  For 
the  Number  of  Farts  of  the  Plate  juft  found  being  divided,  namely 
that  which  anfwers  to  the  horary  Motion,  in  order  to  obtain  the 
Motion  of  half  an  Hour,  a  Quarter  of  an  Flour,-  and  a  Minute,  a 
a  iiule  may  be  con  It  ruffed  only  by  Addition  and  Subtraction,  in 
which  having,  maiked  the  Times,  the  Parts  are  put  to  the  Plate,  by 
Wxiich  the  Difk  oi  the  Penumbra  ought  to  be  moved  forward  and 
Backward,  that  it  may  receive  the  Situation  accommodated  to  that  Time. 

When  this  is  done,  it  remains  only  to  turn  the  Globe  according  to  the 
Time,  and  the  in iate  in  fuch  a  Manner,  that  it’s  Index  may  fhe w 
the  Number  aferibed  to  the  Time. 

Laftly  the  Places  marked  upon  the  Surface  of  the  Globe,  lying 
perpendicularly  under  the  Difk  of  the  Penumbra  in  any  Situation  of 
it?  may.be  icund  by  the  Pendulum.  But  they  are  feen  at  one  View, 
if  the  whole  Apparatus  is  expofed  to  the  Rays  of  the  Sun  reftecled 
from  a  piain  Speculum ,  in  fuch  a  Manner,  that  the  Rays  may  fall 
perpendicularly  upon  the  Horizon  of  the  Globe.  For  then  fuch  Sha¬ 
dows  will  be  projeded  from  the  Difk  of  the  Penumbra  upon  the  Globe, 
as  are  like  th z  Penumbra  which  the  Moon  cafts  upon  the  Earth,  by 
which  the  Phafes  of  the  Eclipfe,  for  any  Place  may  be  feen. 

This  Motion  of  the  Sun  is  inconvenient  *,  perhaps  thole  who  have  a 
large  burning  Glafs,  will  make  Ufe  of  a  Lamp,  the  Rays  of  which 
may  be  thrown  upon  the  Globe  from  the  Glafs,  in  a  Pofition  perpen-  v  /"  ■' 
dicular  to  it’s  Horizon.  I  have  thought  alfo  of  viewing  the  Globe 
from  a  Diftance  thro’  a  PerfpeCtive  Glafs,  by  which  Method  the 
Difk  klm ,  being  brought  upon  the  Surface  of  the  Globe,  exhibits  the 
Penumbra.  But  this  requires  a  very  large  Tejtfcope  ;  for  if  the  Globe 
is  Ft  at  fuch  a  Diftance,  that  the  whole  may  be  feen  thro’  a  fmall 
Teltfcope,  I  am  afraid  the  Places  marked  upon  it  will  not  be  diilin- 
guifhable. 

I  have  thought  alfo  of  giving  a  Motion  to  the  Machine,  by  means 
of  two  feparate  Clocks,  one  of  which  might  turn  the  Globe,  and  the 
other  the  Plate  ;  and  thefe  might  be  brought  to  agree  exaClly  by  the 
.Help  of  Pendulums.  But  I  have  laid  enough  already  on  this  SubjeCt. 

XI.  i.  The  Obfervations  were  made  with  a  Telefcope  of  10  Palms.  Eclipfe  of  the 

True  Time. 

h  1  ,f  p.  m. 

8  45  28  The  Penumbra  begins  to  be  fenfible. 

49  14  The  Penumbra  thicker. 

51  19  Beginning  of  the  Eclipfe. 

44  Gnmaldus  begins  to  immerge. 

52  47  All  Grimaldus  hid. 

54  Galileos. 

53  48  The  Shadow  at  GafTendus. 

56  2  All  GafTendus  hid.  \  ' 

57  23  Schikardus. 
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True  Time 
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51  17 
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Kepler. 

All  Ariftarchus  hid. 

Lanfbergius,  and  aim  oft  all  the  Mare  Humorum  hid. 
Bullialdus. 

Capnanus. 

The  Shadow  at  Mare  Nubium. 

Copernicus  begins  to  immerge. 

Thro*  the  Middle  of  Copernicus. 

The  Shadow  at  Eratofthenes  and  all  Copernicus  hid, 
Tycho  begins  to  immerge. 

Infula  Sinus  medii , 

Heraclides. 

Tycho  hid. 

Tymocharis. 

Archimedes. 

Harpalus. 

Manilius. 

Helicon. 

Plato. 

Menelaus. 

Catharina  and  Cyrillus. 

Pliny. 

Dionyfius. 

Ariftotle. 

Promontorium  acutum. 

Fernelius. 

Snellius. 

PofTidonius. 

Petavius. 

Promontorium  Somnii. 

Langrenus. 

Hermes. 

Proclus. 

Mare  Crifium  begins. 

Cleomedes.  * 

The  Shadow  thro’  the  Middle  of  Mare  Crifium . 

MefTala. 

The  total  Immerfion. 

Duration  of  the  total  Immerfion. 

The  Emerfion  had  without  Doubt  begun, 

Grimaldus  had  emerged. 

The  Middle  of  Copernicus. 

Tycho. 

Plato. 

Archimedes.  Infula 


Ecltpfei  of  the  Moon. 
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True  Time. 
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14 

38 
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p.  m. 

Infula  Sinus  Medii , 
Eudoxus. 

Manilius. 

Ariftotle. 

Menelaus. 

Pollidonius. 

Pliny. 

Promontorium  acutum. 
Langrenus. 


The  whole  Mare  Crifium . 

End. 

3  35  36  Duration  of  the  whole  Eclipfe. 

Some  Phafes  of  the  Immerfion  taken  by  another  Obfervation  with 
a  Newtonian  Telefcope. 

True  Time. 


l  II 


8 


9 


p.  m. 

The  Penumbra  thick. 

The  certain  Beginning  of  the  Obfcuration. 

All  Grimaldus  hid. 

The  Shadow  thro9  the  Middle  of  Galilaeus.. 

All  Kepler  hid. 

The  Shadow  at  Ariftarchus. 

All  Ariftarchus  hid. 

The  Shadow  at  the  Beginning  of  Copernicus. 

Thro9  the  Middle  of  Copernicus. 

All  Copernicus  is  covered. 

The  Shadow  at  the  Beginning  of  Tycho.  v 
At  the  Beginning  of  Manilius. 

At  the  Beginning  of  Plato. 

55  .  The  Shadow  thro9  the  Middle  of  Plato  and  Manilius. 
24  40  All  Plato  is  covered. 

The  Shadow  at  the  Beginning  of  Proclus. 

The  Shadow  at  Hermes. 

All  Proclus  is  covered. 

At  the  Beginning  of  Mare  Crifium . 

Thro9  the  Middle  of  Mare  Crifium . 

All  Mare  Crifium  is  fhaded. 

The  total  Immerfion  of  the  Moon  in  the  Shadow'. 
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2.  The  Beginning  at 
Immerfion 
Emerfion  - 
End  —  - 


y  2 


-  8  i  30 

-  8  59  30 
*-  10  38  o 

-  11  37  0 


11  apparent  Time.  ***  Olferwi 


in  Fleet-ftreet 
London,  by 
Mr.  Geo. 
Graham, 

F.  R.  S. 

Obferved  B>id.  p.  88. 


Eclipfe  s  of  the  Moon . 

Obferved  with  a  fmall  Telefcope  about  18  Inches  long,  which 
magnifies  about  13  times. 

N B.  Mr  "Eodgfon  at  Chrift’s-Hofpital ,  with  a  4  Foot  Telefcope, 
obferved  the  Beginning  at  8h  1 f  i  and  the  End  1  ih  36H. 


T clip fe  of  the 

XII. 

Moon,  Oct.  2, 

h 

f 

n 

1732.  Sty  1. 
Nov.  obferved 

O 

44 

30 

^/Wittemberg 

59 

0 

in  Saxony, 
by  Jo  Frider. 

I 

1 

3° 

Weidler, 

F.  R.  S. 

I 

1 5 

0 

No.  443. 
p-  359.  Oct. 
1736. 
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3° 
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30 
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44 

3° 
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25 

3° 
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44 
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1 1 
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3  36 
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Eclipfe  of  the 

XIII.  1 

Moon  obferved 

h 

/ 

11 

by  Mr  Geo. 
Graham  in 

10 

*3 

0 

Fleetftreet, 

1 1 

1 1 

0 

March  15, 

12 

49 

0 

1735*6.  No. 
445.  p.  14. 

13 

47 

0 

T mp-europ.  ante  Mer. 

The  Penumbra  near  Schikard. 

Beginning  of  the  Eclipfe. 

The  Shadow  touches  Schikard.  The  Edge  of  it  is  rough 
and  unequal.  Soon  after  the  Clouds  hide  the  Moon. 

Tyqho  is  quite  fhaded.  The  Moon  again  covered  with 
Clouds. 

The  obfcured  Portion  of  the  Moon  is  blackened,  and  the 
Spots  cannot  be  difcerned  thro’  the  Shade  by  a  Telef¬ 
cope  of  9  Feet. 

The  Shadow  touches  Grimaldus.  Now  the  Spots  are 
feen  thro*  the  Shadow. 

The  Shadow  covers  all  Grimaldus.  Now  the  fhaded 
Portion  is  red.  The  Moon  is  again  covered  with 
Clouds. 

The  Shadow  receding  touches  Lanfbergius.  It’s  Edge  is 
ftill  rough. 

The  Shadow  touches  Gaffendus. 

Tycho  begins  to  emerge. 

The  End  upon  Snellius,  the  Sky  being  clear  round  tht 
Moon. 


The  Beginning. 

The  total  Immerfion. 
The  Emerfion. 

The  End. 


Ian.  &c. 
*737- 

—  Obferved 
by  Dr  Halley 
at  Greenwich, 
Ibid. 

—  Obferved 

at  Mr  Gra- 
ham\r  houfe  in 
Fleetftreet,  by 
Mr  Celiius. 
Ibid. 


h  '  " 

2.  The  Beginning  —  —  . —  —  —  —  —  — IO  13  37 

The  Immerfion.  —  —  *—  —  . —  —  —  n  9  42 

•  *•* 

t'  t  "»  '  ^  t  ■■ 

3.  The  Obfervation  was  made  with  a  reflecting  Telefcope  of  4  Inches, 

made  at  Edinburgh ,  and  magnifying  63  times. 

^  * 

h  /  !/  ...  ..... 

1022  5  The  Shade  on  the  Middle  of  Kepler.  > 

23  15  Entering  the  Mare  Humorum. 

28  16  Entering  on  Copernicus. 


Entering 
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10  2 9  34 
30  26 

33 28 

3s  44 

39  12 

40  48 
46  o 
49  20 

11  o  40 

5  36 
9  J7 
13  J3  55 
29  o 

4°  45 

45  50 

46  12 


Eclipfes  of  the  Moon , 

Entering  the  Middle  of  Copernicus. 
Copernicus  entire. 

Enters  on  Timocharis. 

Enters  on  Tycho. 

The  Middle  of  Tycho. 

Tycho  entire. 

Enters  on  Menelaus. 

Plinius. 

Enters  on  Mare  Crifium . 

Mare  Crifium  entire.  ^ 

The  total  Immerfion  is  about  to  begin. 
Tycho  is  emerged  out  of  the  Shade. 
Mare  Serenitatis  is  totally  emerged. 
Mare  Crifium  is  totally  emerged. 

The  Eclipfe  is  nearly  ended. 

The  Eclipfe  is  certainly  ended. 


4* 

True 

h  / 

6  53 


Time. 
u 


p.  m. 

47  Saturn  in  the  Point  where  the  Threads  of  the  Micrometer 
crofs. 

731  5  Firft  of  the  Hyades  at  $  paffes  the  Thread  a. 

7  3 1  50  It  paffes  over  the  Thread  h. 

7  3 2  35  ^  paffes  over  the  Thread  c, 

7  42  39  Saturn  again  in  the  Interfedlion  of  the  Threads. 

8  19  57  i  Firft  of  the  Hyades  at  $  paffes  the  Thread  a . 

8  20  42  \  It  paffes  the  Thread  h. 

8  21  2  72  It  paffes  the  Thread  c. 

9  50  o  The  Difk  of  the  Moon  runs  over  the  horary  Thread? 

139  horary  Seconds. 

9  56  o  Again  i39/A. 

10  1  o  Again  i39;/. 

10  9  40  A  thin  Penumbra  feems  to  cloud  the  Moon  near  Hevelius, 

10  10  20  Now  very  fenfible. 

10  1 1  40  I  reckon  the  beginning  of  the  Eclipfe. 

10  14  38  The  Edge  of  the  Shadow,  as  I  think,  paffes  thro5  Gri= 

maldus  and  Cavalerius. 

10  19  46  Thro’  Ariftarchus. 

10  24  15  The  Shade  enters  the  Mare  Humorum. 

10  32  44  It  touches  the  Sinus  Roris. 

10  40  18  The  Shade  divides  Tycho. 

10  42  26  It  touches  the  Mare  Serenitatis.  . 

10  46  1  It  touches  Menelaus,  a  black  Cloud  comes  over, 


—  Ohfernjed 
in  Covent- 
Garden,  by  J. 
Bevis,  M.  D . 
Ibid.  p.  16. 
Fig.  73- 


On 


Eclipfes  of  the  Moon . 


*—  Olferved 
at  Yeovil  in 
Somerfetfhire, 
by  Mr .  John 
Milner. 


True  Time. 


h 

10 


t 

53 


f! 

4  6 


i  t 
1 1 

1 1  io 

12  42 
12  46 
12  47 


o  56 
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1 3  4  3 

13  13  40 

13  14  o 
13  17  22 

*3  43  44 
13  46  25 

13  48  30 


p.  ni. 

On  the  Departure  of  the  Cloud  the  whole  Mare  Neflaris 
was  found  covered.  Very  thick  Clouds  obfcure  the 

Moon  again. 

The  Shadow  touches  Mare  Crifntm . 

Mare  Crifntm  and  Mare  fee  cun  dim  are  ini  merged. 

The  total  Immerfion  of  the  Moon  into  the  Shadow. 

The  eaftern  Limb  of  the  Moon  grows  clear. 

It  grows  ft  ill  more  clear. 

A  Thread  of  pure  Light  is  reftored  in  the  twinkling  of  an 
Eye.  Many  light  Clouds. 

The  Edge  of  the  Light  touches  the  Mare  Humorum. 

The  whole  Mare  Humorum  is  recovered. 

Tycho  is  half  covered. 

Quite  uncovered. 

Waltherus  emerges.  Many  dark  Clouds,  which  feem 
likely  to  laft  fome  Time. 

Mare  foecundum  is  feen  out  of  the  Shadow. 

The  true  Shadow  ends. 

The  Penumbra  no  longer  fenfible. 


In  thefe  Obfervations  1  made  Ufe  of  a  very  good  Clock,  cor¬ 
rected  by  5  correfponding  Altitudes  of  the  Sun  this  very  Day,  and 
feveral  Days  before,  and  a  Telefcope  6  Feet  long.  About  the  middle 
oi  the  Obfcuration,  the  Moon  appeared  as  thro*  a  darkifh  Cloud, 
but  at  the  Edges  it  was  red  like  hot  Iron.  The  Limit  of  the  Light 
and  Shade  was  not  well  determined  thro’  the  whole  Eclipfe. 

5.  The  Latitude  of  Teovil  is  50°  52  k  The  Clock  was  firft:  ad- 
jufted  by  the  Equation  Table. 


The  Beginning  —  —  —  —  — 

The  Moon’s  Altitude  then  *—  - 

The  Beginning  of  total  Obfervation 
The  Altitude  then  was  • —  —  — 

The  'Middle  —  —  —  —  _ 

The  End  of  total  Obfcuration  — *  — 

The  Altitude  then  was  —  *— 

The  End  —  - — ■  —  —  —  —  — 

The  Altitude  then  was  —  - —  —  — •  — 
The  Continuation  of  the  total  Obfcuration  was  — 
The  Duration  of  the  whole  Eclipfe  —  —  — • 


h  7  n  dig.  1 
1060 


—  11  43° 

—  i i  54  o 

*  —  12  43  30 


i  39  *5 

1  39  o 

3  33 


34  29 
34  16 

34  47 

31  47 


XIV.  1. 


E  clipfes  of  the  Moon, 


XIV, 


i. 


—  -  12 

—  — 13 


Beginning  of  the  Eclipfe  —  ~ 

The  Shadow  touched  Grimaldi  — 
touched  Kepler  — 
touched  Copernicus  —  — 

touched  the  Eaft  Side  of  Tycho 
touched  the  Eaft  Side  of  Plato 
touched  the  Eaft  Side  of  Manilius 
touched  the  E.  S.  of  Mare  Crijium 
Beginning  of  total  Darknefs  — 


—  14 


f 

n 

53 

0 

0 

0 

9 

30 

i7 

10 

25 

5 

34 

3° 

36 

40 

56 

20 

3 

45 

Appar.  Time. 
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Eclipfe  of  the 
Moon ,  Sept.  8. 
1736  ^obfer^ved 
in  Fleetftreet, 
London,  by 
Mr  Geo. 
Graham, 

F.  R .  S . 
and  by  Mr, 
James  Short  of 
Edinburgh, 

F.  R.  S. 

No.  466. 
p.  92. 


The  Obfervation  made  with  a  51  Inches  reflecting  Telefcope, 
magnifying  about  38  times. 


2. 


The  Obfervation  was  made  with  a  Telefcope  of  5  Feet. 


Apparent  Time. 


12 


13 


i  /7 

53  25 

54  25 

56  5° 

57  3° 
o  25 

7  2  3 
28  39 

31  19 

36  53 

38  48 
47  21 


The  Penumbra  touches  the  North  Eaft  Limb.  Clear. 

Now  very  confpicuous.  Clear. 

The  true  Shadow,  as  I  judge,  touches  the  Limb.  Clear. 
The  Shadow  touches  Grimaldi.  Clear. 

Grimaldus  covered.  Clear. 

It  enters  the  Mare  Humorum  thro’  thin  Clouds.  Clear. 
The  Shadow  touches  the  Mare  Vaporum.  Clear. 

The  dark  Part  of  the  Moon  is  of  a  reddiftt  Colour.  Very 
clear 

The  Limit  of  the  Shadow  bifeCls  Manilius  and  touches 
Mare  Serenitatis.  Very  clear. 

It  touches  Mare  Tranquillitatis.  Clear. 

Mare  Serenitatis  is  covered.  Clear. 

It  touches  Mare  Crijium .  Clear. 

Mare  foecunditatis  is  covered. 

Total  Immerflon  of  the  Moon.  Very  thick  Clouds  come 

over  and  hide  the  Moon.  ^ 

Mare  Tranquillitatis  feems  quite  uncovered  thro’  a  Gap  Oi 

the  Clouds. 

Clouds  again. 

The  Cloud  going  off,  the  Moon  feems  to  be  free  from 
all  Obfcurity. 

The  Clock  was  fitted  to  true  Time  by  equal  Altitudes  of  the  Sun  5 
and  it’s  Agreement  with  Mr  Graham' s  Chronometer  was  marked  by  a 
very  good  Watch,- 

3.  Tne 


—  /«Covent- 
Garden,  Lon¬ 
don,  by  J. 
Bevis,  M,  D, 
Ibid. 


14 


55 

58 

2 


26, 

5 

25 


■16  43 


43  3° 
17  3  22 


I-6B 

—At  wit* 
temberg,  ob- 
fer<ved  by 
}.  Frederick 
Weidler. 

F.  R.  S. 

Ibid,  p.  94. 


- —  Obferved 
in  Hudfon’j- 
Bay,  by  Capt. 
Chriftopher 
Middleton, 

F.  R.  S. 

Ibid.  p.  96. 


3- 

h  /  n 

I  36  o 

I  50  o 
I  50  30 

1  52  o 

2  0  0 
2  I  30 
27O 

280 
lO  50 

l6  JO 
2  20  0 
25  O 

29  lO 
36  o 

45  30 


2  50  O 

53  0 

3  43  0 

480 

44  o 

45  o 


'  E clipfes  of  the  Moon . 


The  Penumbra  comes  upon  the  Eaft  Part  of  the  Moon, 
like  a  Mid  or  Smoak, 

Beginning. 

The  Shadow  touches  Grimaldi. 

—————— — — - Galilaeus. 

- - - — — — —  Kepler. 

- covers  all  Kepler. 

A  Portion  of  the  Lunar  Difk,  im merged  deeper  into  the 
Shadow,  appears  clearer  than  that  which  was  nearer 
the  Edge  of  the  Shadow. 

The  Shadow  touches  Copernicus.  .  - 

— — - covers  all  Copernicus. 

- — - — —  touches  Tycho. 

Half  of  the  Moon  darkened. 

The  Shadow  touches  Mare  Serenitatis. 

— - - - - - — —  Menelaus. 

All  Mare  Serenitatis  covered.  The  Moon  looks  red  thro5 
the  Shadow  like  a  Coal  of  Fire. 

The  Shadow  at  Mare  Grid um.  At  this  Time  the  Edge  of 
the  Shadow  is  bent  inwards  about  Mare  Crifium  *,  and 
during  the  whole  Eclipfe,  the  Circumference  of  the 
Shadow  appeared  rough  and  rugged,  and  deemed  in  the 
extreme  Part  to  be  furrounded  with  a  Sort  of  light 
Smoak. 

Ail  Mare  Crifium  fhaded. 

Total  Darknefs,  Now  about  )  of  the  Lunar  Difk  towards 
the  Ead  appears  darker  than  the  Weft  part. 

The  Shadow  darker  in  the  Middle,  but  paler  about  the 
extremities. 

The  Moon  is  covered  with  Clouds. 

Emerfion  of  the  Moon  out  of  the  Shadow. 

The  Shadow  leaves  Grimaldi.  After  this  the  Moon  was 
hid  by  Clouds,  *out  of  which  it  now  and  then  emerged, 
but  a  Mift  or  thin  Cloud  fhaded  it  fo,  that  the  Spots 
could  not  be  diftinguifhed.  At  Length  the  whole 
Moon  was  hid  by  thick  Clouds. 


Ihe  Obfervation  was  made  with  a  Telefcope,  8  Paris  Feet  long. 


4.  I  made  the  Obfervation  in  Hudfotfs-Bay^  in  Lat.  55  0  34'  N. 
and  on  the  Meridian  of  the  North-Bear  IJland ,  which  lies  30  Miles 
to  the  Weft  ward  ol  Charlton ,  The  Weather  was  very  clear,  but  the 

Motion  ol  the  Sea  rendered  my  Telefcope  ufelefs,  and  I  miffed  the 
Beginning. 

1 


The 


h  f 


Eclipfes  of  the  Moon « 


The  total  Immerfion  of  the  Moon’s  Body  into  7  g  22  b y  my  Watch 
the  Shadow  —  —  —  —  —  — *  3  J  J 

The  Emerfion  ■ — 1  —  — ■  “  ~  — *  108 

The  End  —  —  —  —  —  —  —  — 11  16 


In  order  to  r edify  my  Watch,  and  be  certain  of  the  true  lime,  I 
took  three  feveral  Altitudes  next  Morning, 'and  one  in  the  Afternoon, 
by  Mr  Hadley's  and  Mr  Smith's  Quadrants*,  which  (having  made 
proper  Allowances  for  the  Refradion  of  the  Atmofphere  and  the 
Height  that  I  flood  above  the  Surface  of  the  Sea)  were  as  follows. 


Q  f  \  h  f 

Firft  Altitude  23  o  Hence  the  true  Time  is  * —  849.— 

Latitude  ■ — ■  55  45  The  Time  by  my  Watch  •—  8  28  — 

Watch  too  flow  —  — *  o  21  - 

"Second  Altitude  25  48  The  true  Time  therefore  is  —  9  15  ~ 

Latitude  —  55  45  The  Time  by  my  Watch  —  854  — 

—  ,  .  _  r  - « 

s  «  V  ■ 

r  .  ...  Watch  too  flow  —  —  o  21  • — • 

Third  Altitude  26  44  The  true  Time  therefore  is  —  9  24  — - 

Latitude  —  55  45  The  Time  by  my  Watch  —  93  — - 

*  ■»  *  "*  ' 

Watch  too  flow  —  —  o  21  — 

The  fourth  Altitude  taken  in  the  Afternoon 
the  fame  E)ay  —  21  29  Hence  the  true  Time  is  —  — 3  25  -{- 
Latitude  —  56  33  The  Time  by  my  Watch  —  3  4 

Watch  too  flow  —  —  o  21  f 


If  21  Minutes  therefore  be  added  to  the  Times  above-mentioned, 
for  the  Error  of  the  Watch,  we  fhall  have  the  true  Times  of  the 
feveral  Observations  on  the  Meridian  of  the  North- Bear  IJland ,  as 
follows,  viz. 

h  / 


The  total  Immerfion  of  the  Moon’s  Body  into  the  Shadow  -  8  43 

The  Emerfion  —  —  *—  —  —  —  —  —  —  — 10  29 

The  End  —  —  —  —  —  —  ~  —  - - n  37 

*  •  >  ~  i 

This  fame  Eclipfe  was  obferved  by  Dr  Bevis  at  London ,  and  he 
made  the  true  Time  of  the  total  Immerfion  of  the  Moon’s  Body 
into  the  Shadow,  i4h,  2',  25^  ;  confequently  the  Difference  of  Lon¬ 
gitude  between  London  and  North- Bear  IJland  in  Hudfon's-Bay ,  is  5h, 
19',  25",  or  790,  51'. 
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An  Eclipfe  of 
the  Moon  , 

Dec. 2 1,  i  740. 
at  thelftand  of 
St  Catharine 
on  the  Coaf  of 
Brail),  ob - 
ferve  d  by  the 
Hon .  Edw. 

^egge.  EA\ 

Captain  of  his 
JMajefty  s  Ship 
the  Severn. 
No.  462. 
p.  1  8.  Read 
]&n.2i,  174 

Resnarks  on 
the  foregoing 
account  by  the 
Rev  Jofeph 
Atwell,  D  D. 
F.R.S.  Ibid. 


Eclipfes  of  "the  Moon. 

XV.  1.  It  began  very  nearly  at  7h  f  *,  but  the  Horizon  being  hazy, 
I  could  not  obferve  exa&ly  the  Beginning :  However,  it  ended  ex- 
aftly  to  a  Moment,  at  f  50C  I  kt  my  Watch  by  two  Obfervations 
before,  that  I  might  be  exa&  in  Time,  and  confirmed  it  by  one 
after*,  fo  that  I  believe  I  may  venture  to  fay  it  was  right :  And  I  ob- 
ferved  with  one  Telefcope  on  board,  and  fent  another  on  Shore, 
which  agreed  exa&ly  together. 

2.  The  Captain  places  the  Ifland  in  Lat.  270  30'.  Mr  Gael 
Morris  has  calculated  the  faid  Eclipfe  5  and  the  Middle  of  it,  ap¬ 
parent  Time,  at  Greenwich ,  was,  h  /  // 

11  44  5° 


By  the  Captain’s  Oblervat.  fuppofing  the  the  Beginning  exadl  8  27  30 


Difference  of  Meridian 


The  End  of  it,  by  Calculation  at  Greenwich  — 

- - — — —  by  Capt.  Legge' s  Obfervation  — 

Difference  of  Meridian  —  —  —  —  — 


~  3  17  20 

—  49°2o/ 
h  /  // 

—13  6  57 

—  9  50  o 

—  3  16  57 
=  49° J4' 


Capt.  Legge  obferves,  that  in  attempting  to  pafs  Cape  Horn,  they 
thought  themfelves  to  have  been  more  to  the  Weftward  than  they 
really  were:  By  which  Miftake,  turning  too  foon  to  the  North, 
they  fell  in  with  high  Lands,  and  met  with  thofe  Misfortunes,  which, 
if  they  had  kept  out  more  at  Sea,  might  probably  have  been  avoided. 
By  comparing  the  Longitude  at  St  Catharine's,  as  above  fettled,  with 
Senex9 s  Maps,  the  Coafts  appear  to  be  placed  about  6  Degrees  too 
much  Eaftward;  and  if  the  other  Parts  of  America  about  the  Cape 
are  laid  down  as  faultily  in  the  Charts,  this  Error  will  probably  ac¬ 
count  for  their  Misfortunes. 


• —  At  Cam¬ 
bridge  in 
Nesv-Eng- 
land,  by  Mr 
John  Win- 
throp  Hoili- 
fian.  Prof  ' 
Math,  and 


3.  Dec.  21,  1740. 

h  / 

5  24  A  plain  Penumbra. 

35  The  true  Shadow  feems  to  enter. 
47  Touches  Palus  Mareotis. 

53  Reaches  Mount  Sinai . 


Aft r on.  at 

Cambridge  in  After  this  the  Clouds  thickened,  and  covered  the  Moon  till  the 
New  Eng-  £ncj  0f  the  Eclipfe,  which  was  about  8h,  ao',  as  near  as  I  could  guefs 
pan;77  Re7ad  through  the  Clouds. 

N0V.3, 1743.  ' .  •  '  yhs 


m  P,chpfes  >  of  the  Moon» 

The  Night  before  the  Eclipfe,  viz.  20  December,  at  121 ,  14',  I 
faw  the  Moon  eclipfe  a  fixed  Star,  which,  I  think,  is  in  the  Heel  of 

C<Thefe  two  Obfervations  were  made  with  an  eight  Foot  Telefcope, 
my  Watch  being  reaified  to  the  apparent  Time  by  correspondent 
Altitudes  of  the  Sun,  taken  with  the  before-mentioned  Quadrant  ior 
feveral  Days  together,  before  and  after  the  Eclipfe. 

XVI.  In  the  Morning. 

The  Shadow  was  obferved  to  have  juft  touched  the  Edge 
of  the  Moon,  with  a  Tube  ot  3  c  feet.  , 

The  certain  Beginning  between  Vieta  and  hebikardm 

with  a  Tube  of  6  Feet. 

The  Shadow  at  Scbtkardus. 

_ — - Mare  Humorum . 

- —  Grimaldi. 

- — - -  Capnanus.  n  . 

Gaffendus  begins  to  be  immerged.  The  Centre  ot  Grt- 

maldi  in  the  Shadow. 

All  Grimaldi  immerged. 

The  Shadow  at  Campanus. 

- — — —  Herigonius* 

— - - — —  Tyeho. 

Bullialdus, 
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An  Eclipfe  of 
the  Moon, 
jan.  2,  1741. 

chfernjed  at 
the  College  at  _ 
Pekin,  by  the 
Jefaits. 

No.  468. 
p.  309.  Jan. 
1742  3, 


Tycho  immerged. 

The  Shadow  at  Pitatus . 

— - - — —  Galilseus* 

- Kepler. 

Reinholdus.  . 

Fracaftorious  is  immerged.  _  The  Shadow  at  Copernicus 

All  Copernicus  feems  to  be  in  the  Shade. 

The  Shadow  at  Wendelinus. 

The  Centre  of  the  Moon  in  the  Shade. 

The  Moon  is  hid  behind  Mountains  at  the  Setting,  before 

the  Middle  of  the  Eclipfe.  » 

The  Penumbra  was  fmall  and  the  Shadow  very  black  and  diftinft, 
and  the  Eclipfe  might  very  plainly  and  clearly  be  feen  ’till  the  Setting 
of  the  Moon.  The  Diameter  of  the  Moon  before  the  Eclipfe  was 
in  the  Micrometer  about  30/  20,r,  but  at  the  Setting  on  y  30  00 
The  Centre  of  the  apparent  Dilk  was  from  the  Sinus  JEftuum  Occid.  a 

little  towards  Hipparchus. 


Z  2 


XVII.  The 


172 

An  Eclipfe  of 
the  Moon, 
Jan.  2,  1740. 
objerved  at 
Mr  GraMmG 
Hou/e  in  Fleet- 
Freer,  by  Mr 
Short.  No. 

459-  P- 633. 
Jan.  tzc. 

174I  • 


Eclipfe  of  the 
Moon,  Oft. 
22,  1743,  in 
the  Morning , 
obfer-ved  at 
Mr  Graham’.? 
Houfe  in  Fleet- 
Freet.  No. 
471.  p.  580. 
Read  Nov.  3, 

*  74,3' 

Of  the  Lunar 
Atmofphere ,  by 
M.  Jean  Paul 
Grandjean  de 
Pouchy,  of 
the  R.  Acad, 
at  Paris.  No. 
455.  p.  261. 
Nov.  &c.  ■ 

17  39- 


Pig.  74. 


Eclipfes  of  the'  Moon . 

XVII.  The  Obfervation  was  made  with  a  reflecting  Telefcope  of 
9  Inches  Focus,  that  magnified  about  40  times. 

h  '  " 

Beginning  about  —  —  —  - —  —  —  8  25  00  Time appar. 

Beginning  of  total  Darknefs. at  —  —  — —9  31  10 

End  of  total  Darknefs  - —  —  —  — •  —11  15  20 

End  of  the  Eclipfe  at  —  —  • — •  • — ■  —  12  22  00 

*  ;  *'  t 

N*B.  The  Beginning  and  End  could  not  be  diftinCtly  feen  for 

Clouds.  ‘  '  •"  aJ  .  1 

XVIII.  The  Sky  was  moflly  overcafl  with  Clouds,  io  that  the 
following  Obfcrvations  are  the  only  ones  that  could  be  made  with  any 

Degree  of  Certainty.  -  0 1 

-  h  *  lf 

Beginning  of  the  Eclipfe  about  1 —  • —  — -  —  —  1  21  o 

The  Shade  touched  Copernicus  about  - —  —  • —  —  1  39  ° 

touched  Plato  about  . — ■  ■ — 1  —  —  —  '  ■ —  145  0 
touched  Tycho  about  - —  ~  —  —  —  1  51  o 

Total  Immerfion  about  —  • — -  - —  — -  —  —  :  —  21 7  o 

XIX.  By  the  Name  of  Atmofphere  is  underftood,  a  certain  Con¬ 
geries  of  pellucid  Matter  involving  a  Planet,  and  capable  of  turning 
the  Rays  of  Light,  that  pafs  thro9  it,  from  a  right  Line  *,  whether 
this  Matter  exifts  in  our  Air  jointly,  or  feparately  from  it,  whatfoever 
it  is,  we  treat  here  only  of  the  refracting  Matter,  and  that  is 
what  I  only  take  upon  me  to  prove  in  the  Courfe  of  this  Work, 
that  there  is  no  Matter  about  the  Moon,  which  is  able  to  turn 
the  Rays  of  Light  fenfibly  from  their  ftrait  Courfe.  I  would  in¬ 
form  the  Reader  only  of  this,  that  I  here  conceive  the  Atmofphere 
to  be  a  homogeneous  Fluid,  with  a  fpherical  Surface,  and  of  the 

fame  Denlity  every  where,  which  is  equal  to  the  Sum  of  the  de¬ 

er  eafmg  Denfities  in  the  real  Atmofphere,  purpofely  omitting  the 
Difference  of  the  Denfity  of  it’s  Parts,  which  cannot  difturb  our 
Demonftrations. 

Now  if  the  Moon  is  encompafled  with  an  Atmofphere,  it’s  Dia¬ 
meter  ought  to  be  found  greater  than  in  the  naked  Planet ;  but 
that  the  Quantity  of  ids  Increafe  may  be  known,  let  A  IB  be  the 
Body  of  the  Moon,  G  E  F  ids  Atmofphere,  the  Angle  AHL  will 
be  the  real  Diameter  of  the  Moon  *,  and  the  Angle  E  PI  L  com¬ 
prehended  under  the  Axis  L  H,  and  the  R.ay  A  EH  will  be  the 

Diameter  of  the  Moon  obferved.  Therefore  the  Angle  E  H  A  will 
be  the  Increafe  of  the  Diameter  of  the  Moon  by  ids  Atmofphere, 
but  the  Angle  E  H  A  is  oppofite  to  the  Side  EA  of  the  Triangle 
EH  As  and  the  Angle  A  EH  the  Supplement  to  180  of  the  ho¬ 
rizontal 


Dtfcr iption '  of  the  Lunar  Atmofphere . 

r-izontal  RefraCtiqn  in  the  Lunar  Atmofphere,  is  oppofite  to  the  Side 
AH  of  the  Diftance  of  the  Moon  from  the  Earth.  Moreover 
the  Side  EA,  is  the  Half  of  a  Chord  of  the  Lunar  Atmofphere, 
touching  the  Body  of  the  Moor!  itfelf  in  A.  Therefore  the  Sine 
of  the  Increafe  E  A  H  of  the  Diameter  of  the  Moon  by  it’s  Atmo¬ 
fphere,  will  be  to  the  Sine  of  the  Supplement  of  the  horizontal 
Refraction  A  EH,  as  the  Half  A  E  of  the  Chord  of  the  Atmofphere 
touching  the  Body  of  the  Moon  at  the  Diftance  A  H  of  the  Moon 
from  the  Earth. 

Hence  it  follows  evidently,  that  this  Increafe  of  the  Lunar  Diameter 
is  infenfible ;  for  if  it  arofe  to  21^,  fuppofmg  the  horizontal  Re¬ 
fraction  5;,  that  is,  at  leaft  30  Times  greater  than  it  can  be  fuppofed, 
as  will  be  proved  hereafter,  then  the  Semichord  E  A  would  equal 
276  French  Leagues,  and  would  far  exceed  a  like  ,Chord  of  the 
terreftrial  Atmofphere.  Therefore  whether  the  Moon  is  covered  with 
an  Atmofphere  or  not,  it’s  Diameter  will  always  be  obferved  the 
fame  ;  and  the  Obfervation  of  the  Lunar  Diameter  can  by  no  Means  be 
equal  to  the  Solution  of  the  Queftion. 

The  Eclipfes  of  the  Sun  by  the  Moon,  give  a  greater  Handle  Fig-  75 
for  deciding  the  Doubt;  for  the  extreme  Rays  terminating  the 
Cone  of  the  Lunar  Shade,  as  they  touch  the  Body  of  the  Moon,  and 
pafs  thro’  it’s  Atmofphere,  will  neceffarily  be  infleCted  toward  the 
Axis  of  the  Cone ;  therefore  the  Cone  will  become  fhorter  and  more 
obtufe  ;  but  to  fhew  the  Quantity  of  that  Variation,  we  mufl  ob- 
ferve,  that  the  Ray  FA,  or  it’s  Parallel  EG,  which,  if  there  was 
no  Atmofphere,  would  be  the  Bound  of  the  Lunar  Shade  FAC, 
would  be  r'efraCled  toward  the  Axis  CA,  at  the  Ingrefs  of  the  At¬ 
mofphere  G,  and  at  the  Egrefs  H  *,  whence  the  Semiangle  of  the 
Cone  of  the  Lunar  Shade  will  be  increafed  by  double  the  horizontal 
RefraClion  in  the  Lunar  Atmofphere. 

Hence  it  follows,  that  if  we  fuppofe  a  lunar  Atmofphere,  a  total 
Eclipfe  of  the  Sun  will  begin  later  and  end  fooner,  than  if  we 
do  not  fuppofe  it  ;  moreover  in  certain  Cafes,  that  there  will  be 
no  total  Eclipfe ;  which  however  the  Diameters  of  the  Sun  and  Moon 
obferved  in  the  fame  Degreee  of  Anomaly  would  require;  for  in 
thefe  Cafes  the  Cone  of  the  Lunar  Shade  is  contracted,  becaufe  of  the 
Atmofphere,  and  it  might  be  fo  contracted  as  not  to  touch  the  Difk 
of  the  Earth  even  with  it’s  Point. 

After  the  fame  Manner  exaCtly,  the  Duration  and  Quantity  of  Fig.  76» 
the  partial  Eclipfes  would  be  diminifhed  ;  for  the  Beginning  of  a 
partial  Eclipfe  is  obferved,  when  the  Cone  of  the  Penumbra  GDI 
enters  upon  the  Habitation  of  the  Obferver ;  but  a  double  Re¬ 
fraction  F  C  E,  El  V  El  being  fuppofed  in  the  Atmofphere  of  the 
Moon,  the  Semiangle  of  the  Cone  of  the  Penumbra  is  diminifhed;,, 
and  the  Semidiameter  of  the  Bafe  G  I  is  contracted  into  I  H  ;  there¬ 
fore  that  the  Beginning  of  an  Eclipfe  may  be  obferved  in  a  given 
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Place,  a  Space  G  H  equal  to  the  Centre  I  of  the  Penumbra,  mufii 
be  run  over  •,  the  fame  mud  be  faid  of  the  Emerfion.  Therefore 
a  partial  Eclipfe  will  begin  later  and  end  fooner,  fuppofing  a  Lunar 
Atmofphere,  than  if  the  Moon  is  naked;  and  it  will  alfo  be  obferved 
to  be  lefs,  for  the  Habitation  T  being  im merged  into  the  Penumbra 
by  the  Quantity  T  N,  fuppofing  a  Lunar  Atmofphere,  will  enter 
it  only  by  the  Didance  T  K.  It  may  alfo  be,  that  no  Eclipfe  may 
be  obferved  in  that  Place,  where  it  would  be  obferved,  if  no  At¬ 
mofphere  is  fuppofed  to  be  about  the  Moon  ;  for  the  Difk  of  the 
Penumbra  being  altered,  the  Place  R,  which  if  the  Moon  is  naked, 
would  be  im  merged  into  it,  will  become  free  from  it  by  the  Quantity 
R  N.  But  they  who  fhall  live  in  the  Space  Y H,  comprehended 
between  the  direct  Ray  X  Y  touching  the  Atmofphere,  and  the 
refracted  Ray  E  H,  terminating  the  Penumbra ,  will  fee  the  Sun 
free  indeed  from  the  Body  of  the  Moon,  but  obfcured  by  it’s  Atmo¬ 
sphere  ;  and  therefore  a  certain  pal q  Penumbra,  which,  by  what  has 
been  already  demonft rated,  mud  precede  and  follow  the  Difk  of  the 
Moon ;  moreover  this  Obfcuration  may  be  obferved  without  any 
Eclipfe. 

Thefe  Phenomena  mud  principally  be  obferved  in  the  Solar  Eclipfes, 
if  there  is  any  Atmofphere  about  the  Moon  ;  now  let  us  fee  what  is 
really  obferved. 

In  the  fird  Place,  as  the  Axis  of  the  Lunar  Shade  is  extended  to  55 
Semidiameters  of  the  Earth,  when  greated,  and  to  52^  when  it  is 
lead,  and  as  the  lead  Didance  of  the  Moon  from  the  Earth  is  54  Se¬ 
midiameters  of  the  Earth,  if  the  lunar  Atmofphere  was  capable  of 
a  horizontal  Refraction  of  Srr,  the  Semiangle  of  the  fhady  Cone 
will  be  increafed  by  double  the  Quantity,  that  is,  16 and  therefore 
it  will  be  equal  to  i6;  41^,  when  it  is  mod  open,  and  to  i6f 
when  it  is  narrowed.  Moreover  the  lead  Semiangle  of  the  Cone  being 
fuppofed  equal  to  16^  5^  ;  it’s  Axis  will  be  lefs  than  the  lead  Didance 
of  the  Moon  from  the  Earth,  of  54  Semidiameters  of  the  Earth, 
and  therefore  the  Point  of  the  Lunar  Shade,  will  reach  to  the  Earth. 
If  therefore  there  is  an  Atmofphere  about  the  Moon,  in  which  the 
horizontal  RefraClion  is  8/;,  there  will  be  no  total  Eclipfe  upon 
the  Earth.  .  Therefore  either  there  is  no  Atmofphere  about  the 
Moon,  or  if  there  is  any,  it  produces  a  horizontal  RefraClion  lefs 
than  8Q 

But  there  are  total  Eclipfes  of  the  Sun  obferved  with  a  Duration 
of  the  total  Darknefs.  For  Indance,  in  the  Eclipfe  of  1724,  the 
the  Duration  of  the  total  Darknefs  amounted  to  21  i6rf.  The 
Moon  at  that  Time  ran  over  11  52 n  in  it’s  horary  Motion,  and 
it’s  Shade  always  parallel  to  it  in  Degrees  of  the  Difk  of  the  Earth 
went  over  a  Space  54  Times  greater,  that  is,  equal  to  i°  yf  30^; 
from  which,  if  we  take  away  the  diurnal  Motion  of  a  Habitation 
equal  to  2 o',  which  may  prolong  the  Duration  of  the  Eclipfe,  we 
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lhall  have  the  Diameter  of  the  Shadow  equal  to  47'  30^,  or  45173 
Toifes,  or  22  Paris  Leagues.  Whence,  by  Calculation,  we  find  that  the 
Axis  of  the  Cone  of  the  Lunar  Shade,  is  greater  by  at  lead  one  Dia¬ 
meter  of  the  Earth,  than  the  Diftance  of  the  Moon  from  the  Earth, 
which  was  then  the  lead,  the  Moon  being  about  the  Perigaum , 
Moreover  from  the  given  Diameters  of  the  Luminaries,  obferved  in 
the  fame  Degree  of  Anomaly,  the  Axis  of  the  Cone  of  the  Lunar 
Shade  is  found  to  be  equal  at  lead  to  55  Semidiameters:  Whence 
it  follows,  that  the  Spot  of  the  Lunar  Shade  on  the  Difk  of  the 
Earth,  and  the  Axis  of  the  Cone  are  found  to  be  exactly  the  fame, 
as  the  Didances  of  the  Moon  and  the  obferved  Diameters  of  the 
Lunar ies  feems  to  require.  There  is  therefore  no  Atmofphere  about 
the  Moon,  or,  if  there  is  any,  it  cannot  produce  any  fenfible  Re¬ 
fraction.  But  that  there  may  be  no  Room  left  for  Doubt,  I  fhall  give 
a  Reafon  for  thofe  Phenomena,  which  being  obferved  in  the  Solar 
Eclipfes,  have  given  Room  to  imagine  a  Lunar  Atmofphere. 

Fird  indeed,  that  diminutive  Light,  which  is  obferved  in  total 
Eclipfes,  does  not  prove  any  Refradtion  in  the  Fluid,  which  en- 
compafifes  the  Moon  *,  for  by  M.  Maraldy’s  Experiments,  which 
have  been  repeated  by  me  with  the  greated  Care,  and  with 
the  fame  Succefs,  it  is  manifcd,  that  the  Shadow  of  Bodies  not 
covered  with  any  Atmofphere,  if  they  are  expofed  to  the  Sun,  are 
bright  about  the  Axis  of  the  Cone  ;  and  the  more  fo  as  it  is  the 
farther  from  the  Body  itfelf.  Moreover  the  Habitation  of  the  Ob- 
ferver  in  a  total  Eclipfe  is  about  the  Axis  of  the  Cone  of  the  Lunar 
Shade,  and  in  the  Neighbourhood  of  it’s  Point.  It  is  no  wonder, 
therefore,  that  the  Middle  of  the  Shadow  is  covered  with  a  malignant 
Kind  of  Light,  which  may  otherwife  be  increafed  by  the  Rays  being  re- 
fledted  by  an  illuminated  Air  furrounding  the  Shadow  about  the  Middle. 

Secondly,  the  lucid  Annulus  furrounding  the  Moon  in  total  Eclipfes, 
by  no  Means  proves  the  Exiftence  of  the  Lunar  Atmofphere,  as  will  ap¬ 
pear  to  any  one  that  hides  the  Sun  from  him  by  Balls  of  Wood  or  any 
opake  Matter.  Wherefore  it  is  to  be  afcribed  not  to  a  Lunar,  but 
•a  Solar  Atmofphere,  as  has  abundantly  been  proved,  by  M.  Mairan 
in  his  Treatife  of  the  Aurora  Borealis. 

Thirdly,  the  Diminution  of  the  lunar  Diameter,  which  in  the 
Solar  Eclipfes  is  obferved  to  be  about  30^  lefs  than  when  the  Moon 
jfhines  with  a  full  Orb  rn  the  fame  Degree  of  Anomaly,  by  no  means 
proves  the  Lunar  Atmofphere  ;  tho’  fome  Inequalities  of  Mountains 
are  obferved  in  the  Circumference  of  the  Difk  of  the  Moon,  which 
quite  difappear  in  the  Full-Moon;  for  lucid  Objedts  ftrike  the 
Fibres  of  the  Eye  fo  ftrongly,  that  the  Motion  of  them  is  com¬ 
municated  to  the  neighbouring  Fibres,  and  fo  the  Image  of  the  lucid 
Body  is  increafed  beyond  the  due  Quantity,  which  is  known  by  com¬ 
mon  Experience ;  for  if  a  Stick  is  placed  between  the  Moon  and 
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the  Eye,  the  Diameter  of  the  Stick  over  againd  the  Moon  will 
item  to  be  diminifhed  ;  but  if  at  that  Time  any  Cloud  comes  over 
the  Luminary,  the  Diminution  of  the  Stick  will  appear  lefs,  but  if 
the  Cloud  take  av/ay  the  Sight  of  it  there  will  be  no  Diminution  *,  and 
laftly  it  will  be  various  according  to  the  various  Intenfenefs  of  the 
lunar  Light. 

As  for  the  Inequalities  of  the  Mountains,  they  are  lead  obferved 
for  the  lame  Reafon  in  the  Full-Moon  ;  for  the  lunar  Mountains  ob- 
fcure  of  themfelves,  and  leen  in  the  bright  Orb  of  the  Sun,  efcape 
the  Eye  much  lefs,  than  when  fhining  in  the  Full-Moon,  they  are 
extinguilhed  in  the  neighbouring  Splendor  of  that  Luminary  ;  efpecially 
as  the  lunar  Light  is  fo  intenfe,  that  a  Star  of  the  third  Magnitude 
can  hardly  be  leen  when  near  it.  But,  to  take  away  all  Doubt  in 
this  Affair,  if  the  Limb  of  the  Moon  oppofed  to  the.  Sun  was  the 
Bound  of  it’s  Atmofphere,  and  not  of  it’s  very  Body,  the.  Mountains 
in  the  Circumference  of  the  Moon  would  never  be  obferved  by  the 
longer  Telefcopes  with  narrower  objedtive  Apertures.,  .1  have  often 
obferved  feveral  Inequalities  of  Mountains  in  the  Difk  of  the  Full- 
Moon  with  a  Telefcope  of  36  Paris  Feet,  and  an  objective  Aperture 
of  one  Inch  ;  whence  it  follows,  that  the  Dilk  of  the  Full-Moon 
is  terminated  by  the  Circumference  of  it’s  Body  and  not  of  it’s  At¬ 
mofphere.  *  /:>  ■ 

<Thh  obfer-  Fourthly,  I  mud  fpeak  a  little  of  that  wonderful  Obfervation, 

nation  was  x  y  j  ^  of  the  lunar  Corufcations,  which  was  made  by  M.  Delouvilley 

*n  ^ie  Pre^ence  many  Adronomers  of  the  Royal  Society.  We  may 
the  Pre/mc™*)/  fuppofe,  that,  the  vifible  Limb  of  the  Moon  is  compofed  of  the 
M.Deiouville.  Tops  of  Mountains;  which,  in  a  total  Eclipfe,  hide  the  Sun  from 
See  Vol.  IV.  the  Obferver  in  the  fame  Manner  as  the  Trees  of  great  Woods  ob- 
p.  258,  259.  Sight.  Whence  if  fome  Rows  of  Mountains  on  the  Surface 

of  the  Moon  afford  a  free  Paffage  in  a  right  Line  to  the  folar  Rays, 
they  mud  imitate  a  Sort  of  Corufcations,  in  the  fame  Manner,  as  when 
in  a  Camera  Obfcura ,  a  Ray  of  the  Sun  by  Means  of  a  Speculum  is 
fuddenly  admitted,  and  the  Pidture  of  external  Objedts  drawn  on'the 
Focus  of  the  Lens  is  taken  away,  it  will  be  illuminated  with  lumi¬ 
nous  Tradts  very  much  refembling  Lightning  ;  which  I  think  is  the 
more  eafily  to  be  allowed,  becaufe  thofe  fudden  Corufcations  have 
always  been  obferved  near  the  Limb  of  the  Moon,  as  appears  from 
the  Scheme  of  this  Eclipfe  in  Sir  Hans  Sloane’s  Mufeum ,  drawn  by  his 
Daughter. 

As  for  that  pale  Ring  accompanying  the  Limb  of  the  Moon  in  this 
Eclipfe,  as  nothing  like  it  appeared  either  to  me,  or  to  any  other  Aftro- 
nomer  in  the  «Solar  Eclipfes  hitherto  obferved,  which  however,  ac¬ 
cording  to  the  Hypothefis  of  the  Lunar  Atmofphere,  mud  always 
and  every  where  be  obferved,  we  (hall  make  no  Mention  of  it 
here.  , '  / 
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From  all  this  it  is  manifeff,  that  there  is  nothing  like  a  Lunar 
Atmofphere  in  the  Eclipfes  of  the  Sun.  I  fhall  now  fpeak  of  the 
Eclipfes  of  the  Fixed  Stars  and  Planets  by  the  Moon. 

If  the  Moon  is  furrounded  by  an  Atmofphere,  the  Planets  and  Fig.  77. 
fixed  Stars  will  be  feen  by  an  Obferver  placed  on  the  Surface  of  the 
Earth,  to  be  hid  later  behind  the  Moon,  and  to  emerge  fooner  from 
it’s  Difk,  than  if  the  Moon  is  fuppofed  to  have  no  Atmofphere  ;  nay, 
and  in  fome  Places,  where  an  Eclipfe  of  a  fixed  Star  or  a  Planet 
ought  to  be  feen,  there  will  be  none.  To  make  this  plain,  let  ABC 
be  the  Body  of  the  Moon,  and  let  a  Star  be  placed  as  it  were  at  an 
infinite  Diflance  in  S  ;  the  parallel  Rays  L  V,  MX  ,  touching  the  Body  of 
the  Moon  on  all  Sides,  conftitute  a  cylindrical  Surface,  of  which  Cylinder 
the  Bafe  VZX  comprehends  in  it’s  Com pafs  all  the  Habitations  on 
the  Difk  of  the  Earth,  in  which  the  Star  or  Planet  is  covered  by  the 
Moon.  The  Obferver  therefore  will  fee  the  Beginning  of  the  Eclipfe 
at  V,  and  the  bind  of  it  at  X,  and  will  meafure  the  Duration  of  the 
Time,  in  which  the  Moon  may  run  thro*  it’s  Diameter,  or  rather 
a  Space  equal  to  it.  But  if  we  fuppofe  an  Atmofphere  of  the  Moon, 
the  Ray  I W  will  not  remain  parallel  to  the  Axis  of  the  Cylinder, 
and  the  Cylinder  itfelf  will  become  a  Cone,  of  which  the  Sed' ion 
YTU  will  mark  the  Habitations  where  the  Eclipfe  muff  be.  And 
the  Bafe  YTU  being  contraded,  the  Point  Y  will  come  upon  the 
Habitation  later  than  the  Point  Y  ;  and  the  Limit  U  will  forfake  it 
fooner  than  X :  Therefore,  the  Eclipfe  of  a  Star  or  Planet  by  the 
Moon  will  begin  later  and  end  fooner,  if  we  fuppofe  an  Atmofphere 
about  the  Moon,  than  if  there  is  none  :  And  there  will  be  no  Eclipfe 
in  that  Place  where  it  ought  to  be  obferved  without  an  Atmofphere  ; 
for  the  Place  C  being  covered  by  the  Circumference  V  Z  X  of  the 
former  Cylinder,  will  be  free  from  the  Sedion  of  a  Cone  YTU. 

(Befides,  fuppofing  the  horizontal  Refraction  in  the  Atmofphere  of 
the  Moon  equal  to  VY  will  be  equal  to  1384.  Toifes,  or  J  of  a 
Paris  League ;  whence  it  follows,  that  no  Eclipfe  muft  be  obferved 
in  the  Places  pointed  out  in  the  Calculation,  as  often  as  they  are 
im merged  into  a  cylindrical  Area  not  exceeding  :!  of  a  League.. 

Another  Phenomenon  alfo  arifes  from  the  S.uppofition  of  a  Lunar 
Atmofphere;  in  the  Part  of  the  Cylinder  Y  R,  the  Star  indeed  will 
always  be  feen,  but  thro*  the  Interpolation  of  the  Lunar  Atmofphere ; 
and  therefore  it  will  acquire  a  different  Motion  and  Colour  from  the 
true  ;  and  that  irs  all  Eclipfes  whatfoever,  whether  the  Star  is  one 
of  the  biggeft  or  lead. 

Befides,  the  Duration  of  the  Eclipfes  of  the  Fixed  Stars  and  Planets 
by  the  Moon,  does  not  feem  in  any  Manner  diminiflied,  but  is  always 
found  to  be  exadly  agreeable  to  the  Diameter  of  the  Moon  and  it9s 
Motion.  As  for  thofe  Obfervations,  in  which  the  Star  after  the 
Contad  is  feen  to  proceed  a  little  in  the  Difk  of  the  Moon  'before 
the  Occultation,  we  fhall  refer  the  whole  Caufe  of  th?m  j;o  the  iii- 
d  y  O  L.  VIII.  Part  i.  A  a  "  chafed 
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creafed  Diameter  of  the  Moon  and  Star ;  for  if  the  Lunar  At¬ 
mofphere  was  the  Caufe  of  this  Appearance,  it  would  always  be  ob- 
ferved  the  fame  in  all  Stars,  and  in  any  Apertures  of  Objectives.  Be- 
fides,  I  have  not  as  yet  obferved  the  Progreffion  of  any  Star  in  the 
Difk  of  the  Moon,  unlefs  it  was  of  the  firft,  or  at  lead  of  the  fecond 
Magnitude,  and  that  by  half  of  it  at  moft,  and  the  true  Diameter  of 
the  Fixed  Stars,  as  is  manifeft  to  any  Obferver,  becomes  infenfible,  and 
is  increafed  only  by  fpurious  Rays  •,  whence  the  adventitious  Rays  both 
of  the  Star  and  the  Moon,  are  mixed  in  the  Bottom  of  the  Eye  before 
the  true  Conjunction  of  the  Bodies  of  the  Sun  and  of  the  Moon  *,  and 
if  the  vifibie  Limb  of  the  Moon  was  the  Bound  of  the  Atmofphere, 
and  not  -of  the  Body,  no  Mountains  would  be  obferved  on  it’s  Cir¬ 
cumference  with  greater  Tubes  and  narrower  objective  Apertures ; 
which  however,  as  has  been  faid,  are  feen  plainly  enough. 

From  all  this  it  is  manifeft,  therefore,  that  the  Moon  is  not  fur- 
.  rounded  with  a  refracting  Atmofphere,  the  Refradtion  of  which  is 
capable  of  being  obferved  ;  for  there  might  be  an  Atmofphere  about 
the  Moon,  in  which  the  horizontal  Refradtion  amounted  to  iff  or  2^  * 
for  this  Opinion  feems  to  be  countenanced  by  the  greater  Spots  in  the 
Moon,  which  cannot  by  any  Means  be  taken  for  Woods,  as  Hart - 
foeker  and  others  have  imagined.  For  the  Shadows  of  the  Edges  are 
always  obferved  nearer  to  the  bright  Limb  of  the  Moon  whence  it 
is  rightly  concluded,  that  they  are  Cavities  and  not  Woods,  which 
would  projedt  a  Shadow  from  the  other  Side.  Moreover  fome  Fluid 
may  be  luppofed  to  be  in  them,  in  which  cafe  it  would  be  very  agree¬ 
able  to  Philofopby,  that  fome  Vapours  fhould  be  raifed  from  them, 
the  Congeries  of  which  would  reprelent  a  Sort  of  an  Atmofphere 
about  the  Moon,  which  Atmofphere  would  not  be  found  to  be  very 
thick  ;  for  by  Sir  I.  Newton's  Demon ftratians,  it  would  hardly  equal 
-3  of  the  Denfity  of  the  terreftrial  Vapours,  nor  would  be  alike  at 
different  Times,  thole  Vapours  being  deftitute  of  any  other  Ad¬ 
dition. 


A  Conjunction  XX.  Saturn  and  Mars  were  feen  Feb .  5.  yh  30^  p.  m.  in  the  fame 
#/ Saturn  and  right  Line  with  the  Star  E  X  Bayeri. 

Mars,  obferved  J 

at  Wittem- 

berg  by  Job.  E  K 

Frid.  Weid-er, 

F.  R.  S.  No. 

441.  p.  238.  * 

.April,  iAc.  ® 

1 7i6.  \  0 

}  rr  ‘  i 

'  F 


F  $  20  15^ 

^  Ex  I  12  30^  .T  .  -  -•:!) 

^  •  Feh 


Feb.  19.  ; 
namely  oX 
the  North. 

XXI.  x. 
True  Time 

h  /  //  ' 

10  56  3 

13  2  36 

7  31  4° 
13  32  4 
9  44  4i 


10  35  32 

10  35  41 

9  58  4 

9  58  21 
9  43  47 

11  7  24 

10  8  25 

7  36  5 


14  8  45 
14  8  33 
16  13  29 


13  23  34 
13  23  22 


Eclipfes  of  the  Satellites  of  Jupiter.  J  79 

7h  15ip.n1.  the  Diftance  of  <?  from  oX  was  obferved, 

S  i°  if  30”.  Mars  was  diftant  from  the  Star  toward 

O 


April  2,  1732. 


Eclipfes  of  tbs 
Satellites  of 
Jupiter  ob- 

Emerfion  of  the  fecond  Satellite  of  Jupiter  out  of  the  Euftachius 
Shadow.  Sky  clear.  Telefcope  of  22  Feet.  Manfredi. 

Emerfion  of  the  fourth  Satellite,  Sky  clear,  Telefcope  22  No.  429. 

Feet.  %£l\'  "  r 

April  3.  Emerfion  of  the  inner  Satellite  from  the  Shadow,  c’  ’733' 

Sky  clear,  Telefcope  22  Feet. 

April  9.  Emerfion  of  the  fecond  Satellite,  Sky  clear, 

Telefcope  22  Feet,  a  little  doubtful. 

May  3.  Emerfion  of  the  inner  Satellite,  Sky  clear,  Te- 
lelcope  22  Feet. 

May  4  Emerfion  of  the  fecond  Satellite,  Sky  cloudy, 

Wind. 

Telefcope  14  Feet. 

Telefcope  11  Feet. 

May  26.  Emerfion  of  the  inner  Satellite,  Sky  clear. 


Telefcope  22  Feet. 

Telefcope  11  Feet. 

June  2.  Emerfion  of  the  third  Satellite,  Sky  cloudy, 
Telefcope  22  Feet. 

June  9.  Immerfion  of  the  third  Satellite  into  the  Shadow, 
Sky  clear,  Telefcope  22  Feet. 

June  18.  Emerfion  of  the  inner  Satellite,  Sky  clear,  Te» 

lefcope  22  Feet. 

July  27.  Emerfion  of  the  inner  Satellite,  Sky  clear, 
Telefcope  1 1  Feet,  doubtful. 

Jan.  17,  1733*  Immerfion  of  the  third  Satellite,  Sky 


clear. 

Telefcope  22  Feet. 

Telefcope  14  Feet. 

Emerfion  of  the  third  Satellite,  Sky  clear,  Telefcope  22 
Feet. 

March  12.  Immerfion  of  the  inner  Satellite,  Sky  clear. 
Telefcope  22  Feet. 

Telefcope  11  Feet. 


A  a  2 


2,  The 


Eclipfes  of  the  Satellites  of  fupiter. 


—  Obfernsed 

by  Geo.  Lynn, 

E(q\  at  South- 

wick,  near 

Oundle  in 
% 

Northamp¬ 
ton  (hi  re.  Mo. 


2.  The  Telefcope  I  made  ufe  of  is  the  fame  as  formerly,  having 
a  13  Foot  Objed-Glafs,  with  an  Aperture  of  2  tV  Inches,  and 
an  Eye-Glafs  of  2  h  Inches.  By  apparent  Time,  at  South-wick ,  near 
Oundle  in  Northamptonshire ,  Longitude  Well:  from  London ,  oo°  30b 
as  follows :  * 


440  p,  196. 
Jan.GM.  1736. 


1 


*  »  4 

Month.  D. 

h 

t  n 

1730.  The  2d  Satellite  began  to  emerge  — 

April 

29 

IO 

19  20 

It  feeemed  in  a  Minute  after  to  be  as  7 

-* 

bright  as  the  4th  Satellite  —  — 

20  20 

And  at  full  Brightnefs  about  —  — 

# 

2 1  20 

ijlo.  The  4th  Satellite  emerged  — -  — •  - 

-  Jan. 

25 

9 

q.^neariy 

3730.  The  2d  began  to  immerge  —  —  — 

-  Nov. 

28 

17'  46 

And  was  quite  out  of  Sight  at  —  — * 

19  46 

1731.  The  2d  began  to  emerge  —  - —  — 

•  March 

-  4.  v  .«>, 

29 

1 1 

33  8 

And  feemed  at  full  Brightnefs  about— 

,  ; 

36  3° 

The  1  ft  Satellite  began  to  emerge  — 

April 

18 

I  I 

45  io 

And  was  at  full  Brightnefs  about  — 

■  *  * 

•  * 

46  IO 

Again  the  Bril  began  to  emerge  —  - 

—  Mat 

4 

IO 

4  3° 

Was  at  full  Brightnefs  about  —  — 

5  4  -5 

And  palled 'by  the  3d  Satellite  at  —  • 

1 1 

49  3° 

i y\  j.  The  ift  Satellite  began  to  immerge  — 

-  Jan. 

7 

12 

2  55 

And  was  quite  out  of  Sight  about  — 

4  25 

17IT,  The  3d  Satellite  began  to  immerge  — 

-  Jan . 

28 

H 

16  0 

Was  but  equal  in  Light  to  the  2d  at 

..  * 

19  0 

Quite  gone  at  —  - —  —  —  _ 

*v  »  ,  -  V 

24  0 

1732.  The  2d  Satellite  began  to  emerge  —  - 

-  April 

30 

12 

2  3  57 

The  1  ft  Satellite  began  to  emerge  *— 

May 

6 

12 

48  44 

17ft.  The  3d  Satellite  quite  difappeared  — 

Feh\ 

18 

13 

5  a» 

1733.  Again  the  3d  Satellite  difappeared  — * 

April 

2 

l3 

3  3° 

But  it  began  to  fail  of  it’s  Light  about  5 

or 

•  '*•  ,  ' 

6  Minutes  before. 

* 

•* 

V'  \ 

1735.  The  2d  Satellite  im merged  —  — -- 

-  May 

28 

IO 

45  0 

The  3d  began  to  emerge  —  — *  ■ —  Auguft 

1  ^ 

9 

10  30 

And  was  4  or  5  Minutes  before  it  came  to  it’s  full  Brightnefs. 


—  Ohfervedat'  3.  It  was  a  great  Pleafure  to  me  to  fee  that  Mr  James  Hodgfon  has 
Petersburg,  by  been  at  the  Pains  to  calculate  the  Eclipfes  of  the  four  Satellites  of 
M.  J°f.  Nic.  Jupiter ,  which  were  to  happen  in  1732.  It  was  to  be  wifhed  he 
P.Vr  No  w013^  continue  to  do  fo  for  the  Years  following*,  but  I  would  advife 
441.  p.225.  him,  to  do  it  a  long  while  beforehand,  that  People  in  Foreign 
Ap.&c.  1736.  Countries  might  have  Time  to  be  informed  of  it.  He  fays,  he  has 
made  ufe  of  Tables  of  the  Satellites,  which  have  not  been  corrected 
*  He  means  thefe  50  Years  *.  Probably  he  means  the  Tables  of  M.  Cajfmi ,  pub- 
4 Tables  of  tbe  lidied  at  the  Royal  Printing-Houfe  at  Paris ,  in  1693,  at  the  End 
late  Mr  Flam-  0f  the  Obfervations  of  the  Gentlemen  of  the  Academy  made  in 
tod.  .  .  feveral 


Eclipfes  of  the  Satellites  of  Jupiter , 

feveral  Voyages.  However,  the  late  M.  Caffini ,  has  from  Time  to  Time 
made  divers  Corredtions  to  thofe  Tables,  though  they  never  were 
made  publick.  M.  Maraldi  has  aifo  much  worked  at  it  after  the 
Death  of  M.  Caffini ,  and  has  communicated  to  me  his  Corre&ions,  on 
which  I  have , taken  Pains  to  calculate  new  Tables';  but  having  in  the 
Year  1724,  received  of  Dr  Halley  a  Copy  of  his  Agronomical  Tables, 
among  which,  are  thofe  of  the  four  Satellites  of  Jupiter  by  Mr 
Bradley,  I  judged  there  could  not  be  any  better,  till  fame  Method 
(hall  be  found  and  explained  geometrically  to  deduce  from  the  Laws 
of  Gravity,  the  Effedt  of  the  mutual  Attraction  of  thefe  Satellites 
on  one  another,  and  with  relation  to  Jupiter ;  But  as  1  could  not  hope 
this  could  be  done  fo  foon,  I  took  the  Pains  again  to  calculate  new 
Tables  upon  thofe  of  Mr  Bradley ,  by  reducing  the  Tables  of  the 
four  Satellites  into  the  fame  Form  with  thofe  Mr  Pound  has  made  of 
the  fird  Satellite  only.  Thefe  Tables  being  thus  made  eafy,  I  have 
ufed  them  hitherto  for  comparing  Obfervations  ;  and  my  Brother  has 
taken  the  Pains,  fince  the  drawing  up  thofe  Tables,  in  the  faid  Manner, 
to  calculate  a  Year  beforehand  all  the  Eclipfes  of  the  four  Satellites. 
I  commonly  fent  thofe  Calculations  to  my  Correfpondents,  to  prepare 
them  for  Obfervations,  and  fome  Years  of  thofe  Ephemerides  have 
been  publifhed  in  the  little  Gazette  of  Literature  of  Leipzig ,  printed  in 
High  Butch.  My  Brother  lately  prolonged  thefe  Calculations  to  the 
Month  of  January ,  1737. 

Herewith  follow  the  lad  Obfervations  on  the  Satellites  of  Jupiter , 
which  were  made  at  Petersburg ,  fince  thofe  inferred  in  the  third  Vo¬ 
lume  of  the  Memoirs  of  the  Academy  of  Petersburg ,  to  the  prefect 
Time.  .  ...  • 


*73*- 


N.  S  t  . 

Dec. 


nri  r~\ » 

i  rue  I  ime 

'  h  i  n 


6 


r7  3 


1732.  Jan. 


13  30  56 


IS.  33  7 


Immerfion  of  the  fird  Satellite  difficult¬ 
ly  obferved  with  a  reflecting  Tele» 
fcope  of  5  Foot.  The  true  Time 
was  found  only  by  Means  of  two 
Clocks. 

Immerfion  of  the  fecond  by  the  Refiec- 
ter,  doubtful  to  a  few  Seconds.  Ju¬ 
piter  not  being  well  defined  nor  diffi¬ 
dently  high.  The  true  Time  ad- 
.  •  jaded  by  two  Clocks. 

Immerfion  of  the  fourth  by  the  Re  flee¬ 
ter.  The  Sky  not  very  ferene,  and 
the  true  Time  adjuded  only  by  two 
Clocks, 


The 

L 


t  .  '  *  4 


Ectipfes  of  the  Satellites  of  Jupiter. 


True  Time 

N.  St.  i>  i  a 
Jan .  9  j  20  25  o 


22  13  25  34 


13  26  34 


March  8 


April  3 


*3 


20 


27 


Aftzy  10 


26 

Dec .  24 


8  22  20 


8  46  23 


7  20  30 


11  6  52 


15  13  0 


12  55  54 


11  14  5 
18  4  30 


The  other  Satellites  difappearing  by  the 
Day-light,  the  fourth  was  not  yet 
come  out  of  the  Shadow.  Telef- 
cope  the  fame. 

The  firfb  Satellite,  juft  entering  the  Sha¬ 
dow,  was  yet  vifible  when  a  Mift 
covered  Jupiter . 

Jupiter  being  uncovered,  the  firft  Sa¬ 
tellite  did  "not  now  appear  through 
the  reflecting  Telefcope.  The  true 
Time  was  adjufted  only  by  two 
Clocks. 

Immerfion  of  the  third  by  the  refleCt- 
ing  Telefcope.  The  Wind  was  fome- 
what  troublefome,  the  true  Time  was 
adjufted  by  two  Clocks. 

Emerfion  of  the  firft  by  the  reflecting 
Telefcope.  Doubtful  to  a  few  Se¬ 
conds,  by  reafon  of  the  Nearnefs  of 
the  Satellite  to  Jupiter. 

Immediately  after  Sunfet,  Jupiter  be¬ 
coming  vifible  to  the  Eye,  the  third 
Satellite  appeared  to  be  out  of  the 
Shadow,  and  entirely  clear  by  the  re¬ 
flecting  Telefcope. 

Emerfion  of  the  third  Satellite,  by 
the  reflecting  Telefcope.  The  Sky 
ferene. 

The  third  Satellite  had  been  come  out 
of  the  Shadow  perhaps  for  feveral 
Minutes ;  for  the  otherSatellites  did  not 
appear  bettet  than  this  which  was  feen 
with  the  reflecting  Telefcope  through 
the  Mift,  Jupiter  being  low,  and  the 
Crepufculum  ftrong. 

Emerfion  of  the  firft  by  the  reflecting 
Telefcope.  Sky  ferene.  Obfervation 
certain. 

Emerfion  of  the  firft:  by  a  Telefcope  of 
13  Foot.  Cloudy. 

Immerfion  of  the  ift  by  a  Telefcope  of 
13  Foot.  A  good  Obfervation. 


4.  Full 


Eclipfes  of  the  Satellites  of  fapiter* 


1 74 1 


>. 

h 

t 

it 

4* 

5 

55 

i5 

a. 

m. 

8. 

12 

16 

5 

P- 

m. 

12. 

H 

16 

52 

P- 

m. 

1 5 • 

14 

49 

24 

P- 

m. 

16. 

9 

55 

0 

P- 

m. 

19. 

16 

9 

10 

P- 

m. 

21. 

10 

37 

33 

P- 

m. 

22. 

17 

2 1 

48 

P- 

m. 

26. 

18 

1 

25 

P- 

m. 

3°* 

17 

47 

40 

P- 

m. 

3- 

9 

10 

57 

P- 

m. 

10. 

1 1 

42 

32 

P- 

m. 

14. 

10 

38 

20 

• 

P- 

m. 

*7- 

14 

i5 

20 

P- 

m. 

1 9 • 

18 

3 

0 

P- 

m. 

• 

1. 

5 

3° 

6 

P- 

m. 

6. 

12 

5  2 

2  5 

P- 

m. 

8. 

7 

20 

30 

P- 

m. 

11. 

i3 

5i 

22 

P- 

m. 

14. 

> 

2 

42 

40 

a , 

m. 

I5* 

1  t , 

9 

12 

36 

P- 

m. 

18. 

16 

26 

J5 

P- 

m . 

22. 

5 

41 

57 

P- 

m. 

1 1 

3 

*9 

P- 

m. 

24. 

5 

33 

24 

P- 

m. 

29. 

8 

18 

16 

P- 

m. 

12 

57 

10 

P: 

m. 

3- 

8 

18 

0 

P- 

m . 

5* 

10 

53 

20 

P- 

m. 

6. 

2 

53 

0 

P- 

m. 

Full  Immerfion  of  the  firft  Satellite,  Tele- 

fcope  13  Feet. 

Full  Immerfion  of  the  2d  Satellite. 

Full  Immerfion  of  the  1  ft  Satellite. 

Full  Immerfion  of  the  2d  Satellite. 

As  the  3d  Satellite  was  going  to  immerge 
into  the  Shadow,  it  difappeared  in  a 
Cloud,  fo  that  the  Immerfion  neither  of 
this  nor  of  the  4th  could  be  feen. 

Full  Immerfion  of  the  ift  Satellite. 

Full  Immerfion  of  the  fame. 

Full  Immerfion  of  the  2d  Satellite. 

Full  Immerfion  of  the  ill  Satellite. 

Full  Immerfion  of  the  3d  Satellite. 

Full  Immerfion  of  the  2d  Satellite. 

Full  Immerfion  of  the  2d  Satellite,  Tele- 
fcope  10  Feet. 

Full  Immerfion  of  the  ill  Satellite,  Tele- 
fcope  10  Feet. 

Full  Immerfion  of  the  2d  Satellite,  Tele- 
fcope  10  Feet. 

Immerfion  of  the  ill  Satellite,  Telefcope 
10  Feet. 

Emerfion  of  the  ift  Satellite,  Telefcope  10 
Feet. 

Emerfion  of  the  ill  Satellite,  Telefcope  18 
Feet. 

Emerfion  of  the  fame,  fame  Telefcope, 
doubtful. 

Emerfion  of  the  2d  Satellite.  Telefcope 
10  Feet. 

Emerfion  of  the  xft  Satellite.  Telefcope 
18  Feet. 

Emerfion  of  the  fame.  Telefcope  13  Feet. 

Emerfion  of  the  2d,  Telefcope  10  Feet. 

Emerfion  of  the  2d,  Telefcope  18  Feet. 

Emerfion  of  the  xft,  Telefcope  18  Feet. 

Emerfion  of  the  x  ft,  Telefcope  10  Feet. 

Emerfion  of  the  2d,  Telefcope  13  Feet. 

Emerfion  of  the  ift,  1 

Emerfion  of  the  3d,  I  xdef  g  Feer. 

Emerfion  or  the  2d,  (  r 

Emerfion  of  the  i.ft,  V 

1  -  '  '  Feb:  7.. 


l83 

—  Obferwed  by 
the  yefuit's  at 
the  College  at 
Pekin.  No 
468.  p.  306. 
Jan.  1742-3. 


i 


io. 


12. 

'  14. 

1 6. 

23* 

25. 

Mar.  2. 

1 1. 
Apr.  3. 

10. 

May  3. 

8. 

Oft.  1 . 

i5* 


Eclipfes  of  the  Satellites  of  Jupiter, 

hi  11 

q  zo  35  p.m.  Emerfion  of  the  ift,  Teleftope  8  Feet. 

10  43  o  p .  ah  Full  I  miner  non  of  the  4^-b,  Felefcope  13. 

Feet. 

i a  6  ■*> o  p>  ».  The  4th  began  to  immerge.  Same  Tete- 

fcope.  ’  : 

9  16  30  p.  m .  Full  Immerfion  of  the  3d.  Same?  Tele- 

fcope. 

13  32  o  p.  m.  The  2d  immerged,  Telefcope  8  Feet. 

11  14  15  p.  fn.  Emerfion  of  the  ill,  Telefcope  18  Feet, 

5  43  45  P-  m'  Emerfion  of  the  fame,  fame  Telefcope. 

7  39  7  9  P'  m°  Eirft  emerged,  Telefcope  18  Feet. 

8  2  6  30  p.  m .  Emerfion  of  the  4th,  Telefcope  13  Feet, 

o  36  Li  p.  m.  Emerfion  of  the  ift,  Telefcope  18  Feet. 

6  2  45  p.  m.  Emerfion  of  the  fame,  fame  Telefcope. 

6  26  35  p.  w.  Emerfion  of  the  fame,  fame  Telefcope. 

B  14  o  Emerfion  of  the  2d,  Telefcope  8  Feet. 

B  20  37  p.m .  Firft  emerged,  Telefcope  13  Feet. 

8  40  6  p.  m.  Emerfion  of  the  ift,  fame  Telefcope. 

9  36  o  Emerfion  of  the  4th,  fame  Telefcope. 

4  41  48  a.  m.  Immerfion  of  the  ift,  fame  Telefcope. 

5  o  8  a.  m.  Immerfion  of  the  ift,  Telefcope  13  Feet.^ 

1 7  8  49  p.  m.  Immerfion  of  the  2d,  Sky  a  little  cloudy, 

Telefcope  13  Feet, 


In  Occupation 
r  Jupiter  and 
is  Satellites 
y  the  Moon, 
)£tober  27, 
74.0,  in  the 
Morning;  ob- 
'er<ved  at  Mr 
George  Gra» 
lamV,  F.R.S. 
Moufe  in  Fleet- 
street,  Lon¬ 
don,  hy  Dr 
Bevis,  and 
Mr  James 
Short,  F  R.S. 
No.  459.  p. 
647.  ‘ 


XXII. 
Times  by 
the  'Clock, 
Oftober  26. 
Clock  above 
Stairs. 


Apparent 
Times. 
Oftober  27. 


h  /  II 

h 

r 

if 

23  46  38 

O 

0 

0 

Clock  below. 

14  49  4 

*5 

2 

25 

14  52  32 

l5 

5 

53 

i  t 

Clock  above. 

» 

15  26  1 

15 

39 

20 

15  37  43 

*5 

51 

2 

i5  39  9 

52 

28 

The  Sun’s  Centre  paffed  the  Meridian  in 
the  Tranfitory. 

The  Moon’s  illuminate  Limb  preceded 
Jupiter  in  right  Afcenfion  38"  in 
Time. 

The  fame  Limb  preceded  Jupiter  if  31 T 
Thefe  were  taken  with  a  refletiing  Te¬ 
lefcope,  9  Inches  Focus,  fitted  with 
Wires  at  half  right  Angles,  and  which 
magnified  30  times.  ,  '  ,  ■ 

Sirius  paffed  the  Meridian. 

The  Moon’s  Centre  paffed  the  Meri¬ 
dian. 

Jupiter's  Centre  paffed  the  Meridian. 

,  7  Clock 


Eclipfes  of  the  Satellites  of  Jupiter , 


Times 

by 

Apparent 

the  Clock, 

Times. 

Oftober  26. 

Oftober 

27. 

Clock  below 

Stairs. 

h  / 

// 

h 

/ 

// 

l5  4i 

15 

15 

54 

3 6 

15  47 

IO 

16 

0 

l5  55 

4 

16 

8 

25 

1 5  57 

20 

1 6 

10 

41 

1 6  0 

54 

16 

14 

15 

Clock  above. 

-r 

1 6  17 

49 

16 

8 

Oft.  2 

7- 

Off.  28. 

23  46 

42 

O 

0 

0 

Moon. 

'ipiter9  s 

Moon. 


Moon. 

Thefe  Immerfions  were  taken  with  a 
Reflecting  Telefcope,  of  16.5  Inches 
Focus,  that  magnified  120  times. 
Procyon  pafled  the  Meridian. 

The  Sun’s  Centre  pafled  the  Meridian. 

N.  B .  The  Clock  in  the  lower  Room  was  all  along  2fl  flower  than 
the  Clock  in  the  upper  Room, 


None  of  the  Emerfions  could  be  feen  for  Clouds.  Whilft  Jupiter 
was  immerging,  the  Sky  was  perfectly  ferene  ;  and,  at  his  neareft 
Approach  to  the  Moon,  he  did  not  appear  to  alter  his  Figure  in 
the  lead,  nor  to  be  tinged  with  any  prifmatic  Colours  *,  neither  did 
he  (as  is  faid  to  have  been  fometimes  obferved  through  RefraCting 
Telefcopes)  feem  to  enter  at  all  upon  the  Moon’s  Body. 

That  Part  on  the  Moon’s  Limb  where  Jupiter  entered,  was  a 
Hollow ;  and  though  fome  are  of  Opinion,  that  the  Circumference 
of  the  Moon,  as  it  is  bounded  to  our  Eye,  is  a  perfectly  fmooth 
Circle,  and  that  no  Hills  or  Hollows  appear  there,  as  on  the  Surface 
of  the  Moon ;  yet  if  it  be  looked  at  in  a  clear  Night  with  a  good 
Telefcope,  that  magnifies  about  100  times,  or  even  lefs,  it  will  be 
feen  rugged  and  uneven  all  round. 

Notwithftanding  Jupiter* s  Light  leems  to  be  more  vivid  than  that 
of  the  Moon,  when  he  is  feen  at  a  good  Diflance  from  her,  and 
far  more  fo  when  the  Moon  is  away ;  yet  the  contrary  is  plainly 
difcerned  when  they  are  near  one  another:  And  in  this  Obfervation, 
whilft  Jupiter  was  immerging  behind  the  Moon,  his  Difk  appeared 
much  dimmer,  and  of  a  more  faint  and  dufky  Complexion,  than  the 
Dilk  of  the  Moon. 
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Occupation  of  Mars  by  the  Moon. 

XXIII.  1.  The  fir  ft  Conrad  could  not  be  feen  for  Clouds. 


At 


Apparent 
h  /  ll 

14  24  44 

14  25  21 

15  11  22 
15  15  11 


Time. 

Mars  appeared  about  half  covered,  but  a  diftind 
View  could  not  be  had  for  flying  Clouds. 

Mars  totally  covered,  the  laft  Ray  of  Light  being 
then  loft. 

The  Moon  appeared,  but  Mars  was  not  feen,  no  P$rt 
being  yet  emerged, 

I  judged  it  was  quite  emerged,  but  Clouds'  pre¬ 
vented  the  Moon9 s  Limb  from  being  diftindly 

feen,  ■  : 


The  Obfervation  was  made  with  a  Refrading  Telefcope  of  12  Feet. 


_ Obfervedin  2.  Before  theEclipfe,  I  took  feveral  Differences  of  Right  A  feen  flon 

Covent-Gar-  and  Declination  between  S  and  p  Pifcium,  for  afeertaining  the  true 
den.^J.Bevis,  p]ace  0f  Mars:  As  alfo  feveral  Differences  of  right  Afcenflon  and 
ifo i 1  1  *  Declination  between  the  Moon  and  Mars9i  before  and  after  the  Edipfeg 
which  I  fhall  give  another  Time, 


Apparent 
h  t  ll 

14  24  10 

14  25  2 6 

15  14  46 
15  14  49 


Time, 

p.  m. 

I  was  furprized  to  fee  Mars  continue  quite  round,  though 
hardly,  to  Appearance,  disjoined  from  the  fcabrous 
Edge  of  the  Moon\  but  that  Inftant  I  thought  it  began, 
to  lofe  it’s  Figure.  Clouds. 

The  Moon  ftione  out  bright  again,  but  Mars  was;  entirely! 
vanifhed. 

The  Moon  being  juft  clear  of  a  Cloud,  I  faw  Mars  partly 
emerged. 

He  feemed  juft  half  out;  then  Clouds  came  on  again,.  ft* 
that  I  faw  not  the  final  Contaft. 


The  Moon9 s  Diameter  was  2 1,157  Parts  of  the  Micrometer  and  it’s 
illuminated  Part  pafled  over  the  horary  Thread  in  2  Mi* 

nutes,  3  Seconds. 

I  am  certain  of  the  Time  to  2  or  3  Seconds. 

Occultatione/  3.  ]/[ov.  9,  1740,  i ih  2f  i$ff  Mars  emerged  from  the  Moon,  in 
'Moon ^  ob  a  ri8^t  -^lne  drawn  through  Menelaus  and  Kepler,  the  Immerfion 
ferved  by  the  cou^  not  be  feen  becaufe  of  Clouds  in  the  eafiern  Horizon. 

‘Jefuits  at  Pe¬ 
kin,  No.  468.  p.  306.  Jan,  1742-3.  XXIV.  §  lo 


i 


Obfervaiiom  on  Mars. 

XXIV.  5.  1.  OBober  10,  11,  and  12,  when  3  palled 
Star  pf  the  5th  Magnitude,  I  obferved  the  following  Diftances  of  the  on  Mars  in  the 
Centre  of  Mars  from  that  Star. 


1 07 

near  p,  X,  a  Observations 


St.  N. 

TrueTime. 

Parts  of  the 
Micromet. 

Value  of  Parts 
of  the  Mic. 

h  / 

/ 

it 

OB. 

IO 

9  41  Vefp. 

JfiX 

Telefc.  7  F. 

48  § 

19 

24 

9  46 

Telefc.  9  F. 

65 

!9 

21 

Oft. 

II 

IO  I 

Telefc.  9  F. 

222 

6 

42 

10  4 

Telefc.  7  F. 

l6 

6 

24 

f  '■  ’  -V 

10  9 

Telefc.  7  F. 

l6! 

6 

36 

IO  12 

Telefc.  9  F. 

2  2 

6 

33 

on. 

12 

8  55VefP- 

$  p.  X 

Telefc.  9  F. 

7  £  T 

21 

18 

8  59 

Telefc.  7  F. 

53 

21 

12 

"■  "  ■ 

9  5 

Telefc.  7  F. 

534 

21 

24 

Autumn  of 
1736,  cd  Ber¬ 
lin,  by  Chrift. 
Kirch,  Afiro- 
nomer  of  the 
R  Society  there . 
No.  459.  p. 
573.  Jan.  &c. 
I74I- 

Conjunction  of 

Mars  & 


§  2.  In  order  to  obtain  from  thefe  Diftances  the  Time  of  the  Con- 
junction  of  Mars  with  the  Star  p  X,  I  chofe  the  three  following  Di¬ 
ftances, 


t\  OB.  10. 

2.  OB.  11. 

3.  OB.  12. 

I  fuppofed  from  the  Ephemerides,  the  diurnal  Motion  of  Mars  in 
Longitude  19'  30^,  in  Latitude  3' 40^  :  Therefore  the  diurnal  Mo¬ 
tion  of  Mars  in  his  proper  Qrbit,  is  19 r  $i,f>  and  the  Angle  of  the 
Orbit  of  Mars  and  the  Ecliptick  (or  rather  with  the  Parallel  of  the 
Ecliptick)  is,  io°  39 A  ^ 

§  3.  In  the  oblique-angled  Triangle  a  p  b,  three  Sides  being  given  Fig-  7$' 
namely, 

-  .  -  /  // 

ab9  the  Motion  of  Mars,  which  anfwers  to  24^23^  (the) 

Time  between  Obf  1  and  2)  —  —  • — *  • —  — 5 

a  { 4,  the  Diftance  firft  obferved  —  —  • — •  —  —  —  19  22 
b  jcc,  the  Diftance  fecondly  obferved  —  - —  —  — **  — 6  34 
From  ^  I  drew  a  Perpendicular  to  the  apparent  Orbit  of  n 
Mars  ^  and  in  the  redtangular  Triangle  fought  the  £  1  51 

Particle  of  the  Orbit  of  Mars  b  and  found  it  to  be  —  3 

and- the  leaf!  Diftance  of  3  and  y  a,  which  I  found  to  be  - —  6  18 

B  b  2  The 


h  /  in 

9  43  VefP:  Diftance  of  the  Centre  of  3  from  |  ^  ^ 

10  6  Vefp.  —  —  —  —  —  — -  —  6  '34 

9  o  Vefp.  —  * —  — ■  — ■  — -  —  21  18 


Observations  on  Mars . 


10 


r 

14 

6 


52 


6 

2rl 


34 

18 


The  Particles  of  the  Orbit  of  Mars%£anfwer  to- 
"Which  being  fubtra&ed  from  the  fecond  Time  of  Ob- 
ferv'ation,  OB.  11. —  — -  —  —  —  —  • — > 

Leave  the  true  Time  6  ^  K  in  the  Orbit,  OB.  1 1.  — -7 

§.  4.  In  the  oblique  angled  Triangle  b^c  the  Motion  of  £  g j rrll 
Mars  between  Obf.  2,  and  3,  b  c,  is  —  — -  —  —  — '  ~ 

The  Diftance  of  o  from  ^  X  by  the  Obf.  2.  — ■ 

-The  Difiance  of  $  from  ^  X  by  Obf  3.  £ p  — •  — 

Thefe  three  Sides  being  given,  I  fought  the  Angle  r,  and  found  it 
to  be  1 70  35b  Then  I  drew  a  Perpendicular  from  p  to  the  Orbit 
of  Mars  and  in  the  rectangular  Triangle  c%[a>  the  Hypothe- 

nufe  c  [a,  being  given,  I  fought  the  Sides  pfo  anc^  cXt>  and.  found 
the  lead  Diftance  6r  26^  and  c%  —  —  —  —  —  20fi$,f 

From  which  the  Side  b  c  being  fubtraCled  1 —  — -  • —  —  18 

To  which  anfwers  in  Time  —  —  —  —  — 


55 
2  3 


40' 

6  Vefp. 
26  Vefp. 


Which  being  fubtraCled  from  the  Time  of  Obf  2.  OB.  1 1.  10 
Gives  the  true  Time  of  the  lead  Diftance,  or  of  the  )  g 
Conjunction  of  $  and  p  X  in  the  Orbir,  OB.  11.  I 
§.  5.  The  Deductions  in  the  two  preceding  Paragraphs,  as  ufual, 
differ  but  little.  If  I  had  taken  the  diurnal  Motion  of  Mars  about 

1  of  a  Minute  lefs,  the  Difference  would  have  been  fmaller.  In  the  mean 

Time,  if  I  choofe  a  mean  between  the  2  Deductions,  I  can  err  but  very 
little  from  the  Truth  •,  and  thus  I  gather  the  true  Time  of  6  $  p  it 
in  the  Orbit  of  Mars,  OB.  1 1.  8h  9;  die  leaft  Diftance  of  $  from  p  X 
6!  22 rf  North.  .  ■  a 

§  6.  Tho’  this  might  have  been  fufficient,  yet  I  fet  about  v  1 
a  new  Calculation,  fuppofing  the  diurnal  Motion  of  T  in  J19 

Therefore  the  diurnal  Motion  of  $  in  the  Orbit  was  —19, 

And  the  Angle  of  the  Orbit  of  Mars  with  the  Parallel  of  the  Eclip- 
tick  io°  47 r  the  Spaces  of  Time  between  Obf  1,  and  2r  and  between 

2  and  3.,  this  diurnal  Motion  of  Mars  in  the  Orbit  19/  36^  being 

given,  make  a  b  19^  55  ^  and  b  c  18^  42^;  the  Diftances,  apybp  and 
c  p  remain  the  fame  as  in  the  former  Calculations.  Thefe  being 
granted,  I  found  in  the  firft  Place  by  the  Triangle  a  bp,  px  6'  22;/* 
and  bx  i1  37  i,f-  - 


n 

15 


4  a 

36' 


h. 


/ 


To  which  anfwers —  —  —  - — ■  —  — 

Which  being  fubtraCled  from  OB.  11.  — •  - 

Leaves  the  Time  of  the  lead;  Diftance,  OB.  1 1. 
Then  by  the  Triangle  b  c  p,  I  found  p  %  " 


*  i  59 

10  6  Vefp. 

8  7  Vefp. 

,  — — *  6y  21  ^ 

And 


Obfet  vations  on  Mars . 


And  bx  if  38^,  which  anfwcr  in  Time  to  — *  —  — 
Which  being  fubtraded  from  the  Time  of  Obf.  2.  | 


h 

2 

10 


/ 

o 

6  Ve/p. 


Leave  the  Time  of  the  leaft  Diftance,  Oft.  n.  —  —  8  6Vefp . 
Thus  thefe  Calculations  agree  very  well  together,  and  with  the 
mean  of  the  former  Calculations. 


§.  7.  If  from  p  a  Right  Line  ^  ^  be  drawn,  which  with  the 
Line  x  pi  perpendicular  to  the  Orbit  of  Mars,  makes  an  Angle  at  p 
equal  to  the  Angle  of  the  Orbit  of  Mars  with  the  parallel  of  the 
Ecliptick,  d  p  will  be  perpendicular  to  the  Ecliptick.  I  found  this 
Angle  at  fxrft  to  be  io°  39'  (§.  2.)  *,  and  then  the  Diurnal  Motion 
of  Mars  being  correded,  I  found  it  to  be  io°  47*  (§.  6.).  Now  in 
the  Redan  gular  Triangle  d  x  pi  befides  the  Angles,  the  Side  xp  ls 
known  to  be  6f  22^,  and  the  other  Sides  are  fought.  AfTuming 
therefore  the  Angles  p  d  io°  39^,  the  Side  x d  ls  found  to  be  1 1  i2Jh 
But  if  I  make  ufe  of  the  more  corred  Angle  io°  47*,  the  Side^i 
will  be  i3!h 


■  *  y  > 

To  which  is  anfwerable  in  Time  —  —  — -  —  —  1 

Which  being  added  to  the  time  of  the  leaft  Diftance  1  R 
Oft.  11.  —  —  —  —  —  —  —  —  —  5 
Gives  the  true  time  of  <5  £  and  p  X  in  the  Eclip- 1 
tick  Oft.  ii.  —  —  —  —  -  —  —  —  3  ^ 
d  /4,  or  the  difference  of  the  Latitude  of  Mars,  from  9 
the  Latitude  of  the  Star  in  6  in  the  Ecliptick  is  £  o 


/  // 
29  o 

7  o 
36  o 

6  29 


v 

}3 


Which  being  fubtraded  from  the  Latitude  of  the 

Leaves  the  Latitude  of  Mars  —  —  —  —  — *  2 

The  Longitude  of  Mars  is  equal  to  the  Longitude  9 
of  the  Star  according  to  the  accurate  Britannick  j  v  19 

,r'  '  L 

§.  8.  At  the  Time  of  the  Conjundion  of  Mars  9 
and  p  X  in  the  Ecliptick,  at  Berlin ,  true  time  Or-|- 

And  at  Bologna*,  mean  Time  Oft.  11  —  —  —  —  9 

By  Manfred? s.  Ephemerides  the  Longitude  of  Mars  )  T  c 
is  found  to  be  —  —  —  —  —  —  — *  3 

Which  falls  fhort  of  the  Obfervation  —  —  —  * — 

Ghijler’s  Ephemerides  make  the  Longitude  of  19 

Almoft  22/  fhort  of  the  Obfervation,  and  theEphem.  L 
of  Defplaces  make  it  —  ■ —  ■ —  — ”  ”  “  * 

Agreeable  enough  to  the  Obfervation, 


/ 

4 

57 

25 

h 


n 

25  S. 
56  S, 

40 

is 


9  36 


H 

14 

1 1 
4 

25 


o 

o 

40 

o 

o 

Q 


Manfredi% 


i  go  '  Obfervathm  on  Mars. 

Manfred? s  Ephemerides  make  the  S.  Latitude  of  ^ 
that  is,  about  i'  lefs  than  the  Latitude  obferved; 
According  to  Ghijler* s  it  is  —  1 — '  ■ —  1  *  — 

And  according  to  thofe  of  Defplaces  • — *  ^  — 

fhe  Place  of  §.  r.  At  the  Time  of  the  Conjunffion  of  Mars  and  1 


Jit  ion 
Sun. 


Manfred?  s  Tables  to  be  — •  ~~  —  —  ~ 

At  which  time  the  Longitude  of  Mars  was  to  —  o  ** 
And  therefore  3  was  almuft  in  oppofition  to  the  Sun,  and 
only  391  i9,?  from  the  oppofue  Placeto  the  Sun. 

The  diurnal  Motion  of  the  Sun,  was  —  —  —  — 
And  the  diurnal  Motion  of  3  retrograde  in  the  Eclipt.  — 
The  Sum  gives  the  diurnal  Motion  of  0  from  3  — •  — 

§.  2.  As  i°  i8!  49 d,  the  diurnal  Motion  of  0  from 
3  is  to  24  hours,  fo  is  39'  19^,  the  Distance  of  3  from 
the  oppofite  Place  to  O  to  — -  —  - —  —  — 

Which  being  added  to  the  true  Time  of  6  3  p  X  in  j 
the  Ecliptick  Off.  11.  —  — :  t-t*  • —  ’  \ 

Makes  the  Time  of  the  Oppofition  of  Mars  and  the  Sun,  > 
at  Berlin ,  Oft.  11.  true  time  —  —  —  —  $ 

Subtract  the  Equation  —  —  — 1  - —  —  —  '  * 
There  will  remain  mean  Time  at  Berlin,  Oft.  11.  — 

For  the  Difference  of  Meridians,  between  Bologna  and) 
Berlin ,  fubtradt  —  —  • —  1 — '  ■ — *  1 —  '  * 

Remains  mean  Timeat  Bologna,  Oft.  11.  —  —  “ 

§.3.  As  2411  to  19'  1 5/'  the  diurnal  Motion  of  Mars j 
in  Longitude,  fo  nh  58',  the  time  between  6  3  and  £ 
f  X  in  the  Ecliptick,  and  the  Oppofition  of  o  and  3 ,  to  3 
Which  being  fubtrafted  from  Longitude  3  in  6  3  |  q  0 

Leaves  Longitude  of  3  in  g  O  —  —  — 


o  v 


• 

t 

/# 

2 

57 

O 

1 

2 

57 

3° 

2 

59 

30 

0 

1 

n 

l8 

46 

21 

l9 

25 

’491 

0 

59 

34 

0 

19 

*5 

1 

18 

49 

h 

! 

if 

11 

53 

0 

9. 

36 

f  * 

a 

•* 

21 

.  > 

34 

a 

0 

13 

z 

jt 

21 

20 

I 

% 

0 

8 

X 

, 

21 

12 

0 

0 

// 

'  r* 

0 

9 

36 

19 

25 

40 

% 

16 

4 

l9 

16 

3 

&  t  1  z.  o  - 

A  Difference  of  only  1"  (befides  the  Semi-circle)  from 
the  Place  of  Mars,  which  may  fafely  be  negledted, 

§.  4.  As  24h  to  3'  4p(/„  the  diurnal  Motion  of  Mars  ^  Q 


in  Latitude,  fo  uh  58  ^  to 


Which  being  fubtradted  from  Latitude  3  in  8  3  and  £ 
[a  X  in  the  Ecliptick 
Leaves  Latitude  3  in  8  O 


i 


1 

1 

57 

56 


n 

50 

56  S, 
6  S. 


Ohfervatiam  Mars  was  among  the  Stars  .  c.and  £  of  Pifces,  and  other  fmaller 
on  Mars  a  out  gtars .  from  whjch  \  often  meafured  the  diftances  of  Mars,  with  3 

different 


Obfermtiom  6n  Mars .  jg  * 

different  Telefcopes,  oF  7?  9  and  2  Feet,  and  once  with  3.  Telefcope  fecond  Sta¬ 
rt  18  feet.  By  the  longer  Telefcopes  more  accurate  Diftances  may  tion  Novem‘ 
be  taken  \  but  becaufe  they  do  not  comprehend  any  great  Space,  I  ber 
could  meafure  only  the  fmaller  Diftances  by  them.  Large  Diftances 
might  indeed  be  obferved  by  the  Telefcope  oF  2  feet,  but  lometimes 
a  Doubt  of  i  or  2  Minutes  may  creep  in,  efpeciallyif  the  Diftances  are 
too  large  for  the  Capacity  of  the  Telefcopes  Such  Errors  are  moft  feen 
when  the  Situation  of  the  Stars  is  drawn  upon  Paper,  and  the  Diftances 
of  a  Planet  from  different  Stars,  do  not  interfed  each  other  in  one 
Point.  I  have  taken  out  the  Stars,  from  which  I  meafured  Mars, 
from  the  Britannick  Catalogue ,  and  by  the  Diftances  of  Mars  from  thefe 
Stars,  I  have1  traced  out  the  Place  of  the  Planet  by  means  of  a  Circle. 

I  lhall  firft  exhibit  the  Diftaffces  taken,  and  then  the  Places  of  Mars 
found  thereby.  Where  it:  is  to-  be  obferved,  that  I  have  made  ufe 
of  a  Delineation,  in  which  the  Magnitudes  of  Degrees  and  Diftances  Lg.  79. 
of  the  Stars  wef  e  double  of  thofe  in  the  Scheme. 


Styl.  nov. 

True 

time 

Vefp. 

5  * 

Parts  of 
the  Mi¬ 
crometer 

Value  of 
parts  of  the 
Microm. 

h 

/ 

©  /  if 

0(5t.  27. 

8. 

58. 

e  x 

Telef. 

7  feet 

■  Sir 

12  I, 

0.  48.  24. 

0(ft.  2p. 

8. 

$ 

e'X 

Telef. 

7  feet 

6 . 

24.  48, 

;  8. 

3  8* 

Telef 

9  feet 

24*  43. 

Nov.  1 . 

11. 

6. 

* 

e  K 

Telef. 

9  feet 

1  38. 

11.  18. 

11. 

16. 

. 

■*  * 

Telef. 

7  feet 

'  28. 

11.  12. 

Nov.  5* 

7' 

22, 

3 

a . 

Telef. 

7  feet 

34  V 

1 3-  48. 

7* 

26. 

$ 

e  K 

♦ 

•  • 

100  3. 

40,  12. 

.  & 

14. 

$ 

c. 

• 

•  * 

105. 

42.  O, 

8. 

21. 

& 

Ct • 

Telef. 

* 

9  feet 

c 

44* 

13-  6. 

Nov.  6. 

7- 

28. 

$ 

a..  , 

Telef 

7  feet 

17. 

6.  48. 

7- 

34- 

$ 

e  K 

* 

9  * 

1 16. 

46.  24. 

7- 

40. 

$ 

c. 

•- 

•  1 

1 10. 

44.  0. 

- 

or 

no  3. 

44.  12. 

7* 

44. 

$ 

Cl  • 

Telef 

9  Feet 

23  i. 

6.  59. 

Nov.  7. 

6. 

4* 

$ 

a ,  > 

Telef. 

18  feet 

16. 

2.  17. 

7* 

47* 

$ 

a  diffic. 

Telef 

7  feet 

5  *•' 

2.  12. 

7- 

50. 

$ 

e  H 

• 

•  • 

129. 

5i-  36- 

7- 

53- 

$ 

c. 

9 

•  • 

1 18. 

47*  12. 

Nov.  12. 

9- 

19. 

8 

a > 

Telef 

7  feet 

“  52.  1 

0.  20.  48. 

9- 

27. 

$ 

e  H 

• 

»  9 

172. 

1.  8.  48. 

9* 

38- 

$ 

c. 

• 

•  1 

165. 

1.  6.  0. 

Sty!* 


Obfervations  on  Mars . 


f 

True 

Parts  ofi 

Value 

of 

Styl. 

nov. 

time 

the  Mi- 1 

parts  of 

the 

Vefp. 

.  '■> 

crometer 

Microm. 

- 

h 

/ 

0 

1 

// 

Nov. 

13 • 

7- 

32* 

3 

a . 

• 

Telef. 

9 

feet 

77- 

0. 

22. 

56. 

7- 

36- 

<? 

a. 

Telef. 

7 

feet 

58. 

0. 

23* 

12. 

7* 

40. 

* 

e 

X. 

0  ® 

% 

175- 

1. 

JO.' 

0. 

7- 

44- 

£ 

c. 

•  f 

• 

I7I* 

1. 

8. 

24. 

Nov. 

15- 

7- 

2. 

£ 

Cl  6 

Telef. 

7 

feet 

72. 

0. 

28. 

48. 

7* 

9- 

3 

e 

X. 

•  <3 

• 

179. 

1. 

11. 

36- 

7. 

13- 

3 

c. 

• 

9 

1 86  ». 

1. 

r4- 

36* 

7- 

18. 

3 

a. 

Telef. 

9 

feet 

96. 

0. 

28. 

35* 

Nov. 

26. 

6. 

1 1. 

3 

e 

X. 

Telef. 

2 

feet 

91. 

1. 

22. 

6 

3 

c 

X. 

•  « 

• 

106. 

1. 

35- 

38* 

3 

e 

X. 

©  « 

■ 

© 

94* 

1. 

24. 

48 . 

3 

c . 

©  9 

« 

143- 

2. 

9- 

2. 

j 

3 

a. 

•  9 

X 

i*3- 

*• 

41. 

57* 

3 

e 

X. 

©  9 

© 

92.  I 

1. 

23* 

0. 

6. 

32* 

3 

a. 

•  0 

+ 

103. 

X. 

32* 

55* 

Nov. 

28. 

6. 

43- 

3 

e 

X. 

Telef. 

2 

feet 

104. 

1. 

33- 

50. 

6. 

46. 

3 

f 

X. 

• 

6 

® 

82. 

1. 

J3* 

59- 

9 ■ 

34* 

3 

1 

X. 

• 

• 

• 

103. 

1. 

32- 

55* 

9 • 

37- 

3 

e 

X. 

• 

« 

• 

105. 

1. 

34* 

44* 

9* 

41. 

3 

X. 

• 

• 

0 

82. 

1. 

*3* 

59- 

better 

81. 

1. 

13- 

5' 

Dec. 

3'* 

9* 

41. 

3 

X. 

Telef. 

2 

feet 

1 60. 

2. 

24. 

23- 

3 

t 

X. 

• 

• 

• 

r57* 

2. 

21. 

40. 

9* 

52* 

3 

t 

X. 

Telef. 

7 

feet 

56- 

0. 

22. 

24. 

10. 

1. 

3 

X. 

Telef. 

9 

feet 

75-  * 

22. 

29. 

or 

76. 

22. 

38. 

Dec. 

6. 

5* 

33- 

J 

1 

X. 

Telef. 

2 

feet 

201. 

3* 

1. 

22. 

5* 

39- 

3 

£ 

X. 

• 

• 

* 

204. 

3* 

4* 

4- 

5* 

44. 

3 

c 

X. 

• 

« 

• 

50. 

0. 

45* 

8. 

3 

t 

X. 

Telef. 

7 

feet 

113  i. 

0. 

45- 

24. 

5* 

57- 

3 

c 

X. 

Telef. 

9 

feet 

*53* 

0. 

45* 

34* 

Thefe  Diftances  are  always  to  be  underftood  from  the  Centre  of  Mars, 
efpecially  by  the  longer  Telefcopes. 

Now  follow  the  Places  of  Mars  deduced  from  the  Diftances  enumerated, 
and  his  Places  taken  from  the  different  Ephemerides,  to  fhew  the 
Agreement  or  Difagreement  between  the  Calculations  and  the  Ob- 
fervation. 


Styl. 


Qbfer’oatiom  on  Mars. 


Styl.  nov. 

True 

Time 

V  efp. 

Longitude  of 
Mars. 

Latitude  of 
Mars. 

Nov,  5. 

L  1 

8,  18. 

Obfervation, 

Manfredi. 

Ghifler. 

Defplaces. 

°  r,  11 

T  *3-  37-  0. 
13.  26.  — 

13*  '42.  1 

J3-  35-  3°- 

«  /  // 

1.  17.  0.  S.  I 

1.  16.  30. 

1.  20.  30. 

1.  17.  30. 

Ngv.  6. 

7.  26. 

Obfervation. 

Manfredi, 

Ghifler. 

V  13.  32.  O. 
13.  22.  • — 

*3-  37*  3°* 

1.  13.  15.  s. 

I.  13,  — 

1 .  16.  — ■ 

• 

Defplaces. 

13*  3 — 

I.  14.  — 

Nov,  7. 

;■  7-  50- 

Obfervation. 

Manfredi. 

Ghifler. 

Defplaces. 

‘V’  13.  27.  40. 
1-3.  17.  40. 

I.  $.  30.  s 

1.  9.  20. 

*3*  32*  4°- 
13.  27.  — 

I.  12.  — - 

I.  IO.  — - 

Nov.-  12. 

9,  28. 

)  .  '  ; 

T  ‘ 

.)  •  '  c  t 

Obfervation. 

Manfredi. 

Ghifler. 

Defn'lacpd 

V  13.  20.  O. 
13.  8.  — 

13.  19.  30. 

TO  T  £  , _ _ 

0.  59.  40.  s 

0.  51.  — 

0.  53.  _ 
o,  4  f  5  30* 

•*  •  *  O  • 

Nov.  13. 

! 

7-  38- 

Obfervation. 

Manfredi. 

Ghifler. 

Defplaces. 

V  13.  20.  30. 

I3‘  9-  *5- 

T3*  *9-  — 
13.  19.  — 

0.  48.  0.  s. 

0.  48.  — 

0.  49.  30.  • 

0.  48.  — 

Nov.,  15.  ‘ 

.0".  .  f 

7.  12. 

Obfervation. 

Manfredi. 

Ghifler. 

Defplaces! 

^  13-  2 3-  3°- 
!3'  i3-  — 
13.  21.  30. 
13.  21.  30. 

0/  42.  0.  s. 
0.  41.  — 

0.  43.  — 

0.  41*  — • 

Nov.  26. 

6.  ;  20. 

Obfervation. 

Manfredi 

v  >4-  35-  0. 

14.  26.  — 

H-  37-  — 
H-  34-  — 

0.  9.  0.  S. 

Ghifler. 

Defplaces. 

O  •  1  "" 

O.  12.  — 

0.  9*  3°’ 

Nov.  28. 

r  r 

9-  35- 

Obfervation. 

Manfredi. 

Ghifler. 

Defplaces. 

v  i4-  57-  0. 

14.  49.  30. 

H-  59-  — 
14.  57.  30. 

0.  3.  30.  s. 

0.  4*  * — * 

0.  7.  — 

0.  5.  — 

Dec.  3. 

9.  48. 

1 

Obfervation. 

Manfredi. 

Ghifler. 

Defplaces. 

T  ib.  I  .  O. 

15-  57-  — 

16.  3.  — 

16.  2.  — * 

0.  6.  30.  N. 

0.  7.  40. 

0.  5.  — 

0.  7,  — - 

Dec.  6. 

. 

5.  46. 

? 

Obfervation. 

Manfredi. 

Ghifler. 

Defplaces. 

nr  16.  46.  — 
16.  40.  30. 
16. 47. 30. 
16. 50. 33. 

0.  16,  —  N. 

3f  1 3'  3°* 

0.  10.  30. 

0.  13.  30. 
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A  ‘Tranfit  of  Mercury  over  the  Sun . 

On  the  2  laft  Days,  namely  the  third  and  efpecially  the  fixth  of 
December ,  the  Places  of  Mars,  deduced  from  Observation,  are  doubt¬ 
ful  ;  thefe  therefore  may  be  rejected. v 

The  Places  of  the  fixt  Stars  in  the  Scheme  annexed,  from  the 
Britannic  Catalogue ,  to  the  Beginning  of  the  Year  1690,  are  taken 
without  any  RedjU&ion :  therefore  to  the  Longitudes  of  Mars,  ex¬ 
hibited  by'  the  Figure,  muft  be  added  39'  or  39  f  for  the  Motion 
of  the  fixt  Stars  in  46  Years  and  about  10  or  11  Months. 

The  Observations  of  November  9  are  omitted  above,  and  I  fhall 
add  them  here,  with  the  Place  of  Mars  deduced  from  them. 


Styl.  nov 

• .  c 

True 

time 

Vefp. 

•  v-  ’ 

Parts  of 
the  Mi-  . 
crometer 

Value  of 
Parts  of  the 
Microm. 

Nov.  9. 

h  1 

9.  28. 

9-  S°‘ 

9*  34 

9-  41- 

£  a. 

$  e  K 
c. 

$  a.  r 
— - - 

Telef.  7  feet 

t  t  » 

•  •  • 

Telef.  9  feet 

152. 

136. 

3 2  *■ 

0.  10.  0, 

1.  -0.  48. 
0.  54.  24, 
0.  9.  40. 

Styh  nov. 

True 

time 

Vefp. 

Longitude  of 
Mars. 

Latitude  of 
Mars. 

Nov.  9. 

N  1  ^ 

9-  34* 

Obfervation. 
Manfredi. 
Ghifler. 
Defplaces.  * 

0  /  n 

‘Y’  13.  22.  20. 

1 2.  22.  — • 

13.  XI.  — 
13-  25*  — : 

~o  J  II 

I.  I.  30.  s. 

1 .  0.  30. 

I.  3-  3°- 
1.  2.  30. 

An  Obfervati¬ 
on  of  the  Tran- 
fit  of  Mercury 
over  the  Sun, 

Oa.31.1736, 
by  Mr  George 
Graham, 

F.  Ft.  S.  made 
in  Fleetftreet, 
London.  No. 
446.  p.  102. 
July,  c etc. 


XXV.  I. 


Apparent  Time. 

hit! 

9  22  00  Mercury  not  yet  feen,  then  Clouds. 

9  25  37  I  fir  ft  faw  Mercury  fora  few  Seconds,  and  judged  he 

was  got  entirely  within  the  Sun's  Difk,  or  perhaps 
a  little  more  *  then  Clouds  again,  with  fome  Inter¬ 
vals  of  a  few  Moments  between,  which  allowed  us 
a  Sight  of  Mercury  about  three  or  four  feveral  times  3 
then  quite  cloudy  till  near  12,  when  we  had  a  Sight 
of  the  Sun  for  a  few  Minutes,  and  took  his  Tran/it 
upon  the  Meridian  \  at  which  time  we  judged 

Mercury 


*95 


A  Tranjlt  of  Mercury  over  the  Sun, 

III  Mercury  to  be  about  two  of  his  Diameters,  or  a  little 
more,  within  the  Sun’s  Difk,  and  a  little  pafc  the 

vertical  Line. 

12  io  27  We  had  again  a  Sight  of  the  Sun,  but  Mercury  was 

gone  off. 

2.  The  Sky  was  very  clear,  and  the  Air  not  diflurbed  by  any  —oifoved at 
Wind.  Roverfius  happened  to  be  the  6r(t  who  perceived  the  Planet  Bologna,  b 
at  the  edge  of  the  Sun  at  22h  8 f  3J,f  A  tn.  and  it’s  inner  Contact 
with  the  Sun  at  22h  ifi  i2/;  we  made  ufe  of  Clocks  regulated  by  a  f  f  s.  ibid 
Meridian  Line  drawn  by  Zanotti ,  by  equal  Altitudes  of  the  Sun  in  p.  103. 
the  Morning  and  Evening,  taken  feverai  times. 

The  Planet  was  perceived  fomething  later  by  other  Obfervers  in  the 
Limb  of  the  Sun,  For  my  own  part,  I  did  not  perceive  it,  with  a 
Telefcope  of  11  feet,  till  22h  9/  f!  when  it  had  plainly  entered  the 
Sun ,  and  I  eft  i  mated  it’s  inner  Contact  to  beat  2  2h  io*  But  the 
former  Obfervation  is  far  more  certain,  as  being  made  with  a  better 
Inflrument.  But  fince  from  the  times  of  the  Egrefs  of  the  Planet, 
which  will  afterwards  be  mentioned,  it  is  manifeft  that  it’s  Body  fperst 
f,  i6f I  in  going  out*  if  we  fubdudt  fo  much  from  the  time’’ 
of  the  inner  Contadt  obferved  by  Roverfius ,  the  exterior  Con¬ 
tact,  or  firft  Appulfe  of  Mercury  to  the  Sun  will  be  ftill  more  certain, 
at  22h  71  56n . 

The  fubfequent  Obfervations  tended  to  find  fome  Points  of  the  Path, 
which  the  Planet  was  feen  to  defcribe  in  the  Sun.  We  referred  each  of 
thofe  Points  to  a  Horary  Circle,  and  alfo  to  a  Parallel  drawn  through 
the  Centre  of  the  Sun ,  according  to  Coffin? s  Method,  marking  the 
times  by  the  Clock,  at  which  the  Limbs  of  the  Sun  and  Mercury  pafTed 
over  the  Horary  Thread  of  the  Micrometer.  Zanotti  obtained  many 
ofthefe  Points  with  a  Telefcope  of  8  feet ;  and  I  obtained  1  or  2  with 
a  Tube  of  6  feet,  to  which  an  excellent  Micrometer  was  fitted,  made 
by  Jo,  Jacobus  Marinonius,  Roverfius  and  Thomas  Perellus ,  M.  D, 
determined  fome  other  Points  with  the  fame.  Hither  alfo  belongs  the 
Obfervation  made  by  Perellus  on  the  Meridian,  with  a  mural  Semi-circle, 
by  which  Obfervation  the  right  Afcenfion  of  the  Planet  was  found  to 
be  h  of  Time  greater,  and  the  Declination  58^  k  of  Time  lefs  than 
of  the  Centre  of  the  Sun,  Befides  Zanotti  took  upon  himfelf  to  defcribe 
the  Pofitions  of  the  more  remarkable  Spots,  many  of  which  were  feen 
that  Day  in  the  Sun,  It  was  eafy  to  diftinguifh  between  the  Planet  and 
thofe  Spots,  becaufe  it  was  exactly  round,  and  very  black,  and  fur- 
rounded  with  no  Ring. 

Francifcus  Algaroitus ,  F.  R.  S.  obferved  the  Beginning  of  the  Egrefs 
with  aTelefcope  of  8  feet  at  $of  1 11  p.  m.  the  End  at  tyf  6'h  I  obferved 
the  Beginning  with  a  Telefcope  of  n  feet  at  51 1  f]  the  End  at  53 f  44". 

Roverfius  obferved  only  the  End  with  a  Telefcope  of  14  feet  at  54'  ifl  •, 
but  thefe  Obfervations  are  not  very  certain,  becaufe  the  Telefcopes 
were  but  indifferent,  and  the  Wind  rifing  about  that  Time  fhook  them 

C  c  2  a  little 


Fig.  80. 


A  \ franfit  of  Mercury  over  the  Sun . 

a  little.  Therefore  we  mu  ft  prefer  the  Obfervation  which  was  made 
with  a  Telefcope  of  22  feet,  by  Francifcus  Vandellius ,  Pro fe (Tor  of  Mi¬ 
litary  Architecture.  He  determined  the  inner  Contact  at  50'  50^,  and 
the  outer  at  zf  6(f/,  whence  the  Stay  of  the  Planet  in  the  Limb  was 
4/  1 6^,  and  the  Time  of  the  Egrefs  of  the  Centre  52 r  28^,  which,  ac¬ 
cording  to  my  Obfervation,  Ihould  be  52 1  2$,f. 

Thus  much  for  the  Obfervations  themfelves  ;  I  fhall  now  mention 
what  I  have  deduced  from  comparing  them  with  Zanottl.  Affuming 
the  Diameter  of  the  Sun  to  be  32 r  34'  l9  and  the  Time  of  it’s  palling  thro* 
the  Horary  Circles  A  ij!r  (which  Numbers  are  fet  down  in  the  Tables 
of  the  Modern  Aftronomers,  and  confirmed  by  the  Obfervations  them- 
felves)  we  have  let  down  thofe  Points  by  obferving  the  Bounds  of  the 
planetary  Path  •,  and  as  an  Account  of  the  fmall  Fallacies  of  the  Obfer¬ 
vations  they  would  all  fall  exactly  upon  the  fame  Right  Line,  we 
thought  none  more  proper  to  reconcile  them,  than  if  we  determined  a 
Perpendicular  Line  drawn  from  the  Centre  of  the  Sun  to  the  Path  of 
the  Planet,  to  contain  an  Angle  of  23 0  40 ^  to  the  Eaft  with  the  Horary 
Circle  •,  and  if  we  fettled  the  Length  of  that  Perpendicular  from  the 
Centre  to  the  Path  to  be  13'  58^  to  the  North.  From  thefe  we  have 
calculated  all  the  reft  after  the  following  manner. 


\ 


27 

22 

22 


/ 

7 

9 

1 1 


// 


56  Ingrefs  of  Mercury  into  the  Difk  of  the  Sun, 
34  Ingrefs  of  the  Centre. 


12  Total  Ingrefs. 


0 

0 

0 

50 

52 

54 

50 

28 

6 

2 

42 

54 

I 

2 1 

27 

23 

3l 

1 

9 

l 

n 

23 

40 

0 

105 

48 

0 

82 

8. 

0 

7 

52 

0 

Time  of  the  middle  Tranfit. 


Planet  with  the  Horary  Circle  determined  by  the 
Obfervations,  to  the  Eaft. 

Angle  of  the  Ecliptick  with  the  Horary  Circle  from 
the  Aftronomical  Tables,  to  the  Eaft. 

Is  therefore  the  Angle  of  the  Ecliptick  with  the  Per¬ 
pendicular  to  the  apparent  Path  of  Mercury . 

Is  alfo  the  Angle  of  the  apparent  Path  with  the  Eclip¬ 
tick. 


Diftance 


A  Tranjit  of  Mercury  over  the  Sun . 

o  t  n 

o  j>£  Distance  of  the  Path  from  the  Centre  of  the  Sun  to  the 

North,  found  by  O  bfervations. 

o  1 6  17  Semi -Diameter  of  the  Sun. 

o  1 6  45  Length  of  the  Path  within  the  Sun’s  Difk. 

o  8  22  Half  of  it’s  Length. 

.0  6  10  Horary  Motion  of  Mercury  in  the  apparent  Path. 

o  6  6  Apparent  Horary  Motion  in  the  Ecliptick. 

o  1  58  Portion  of  the  Path  between  the  middle  of  the  Tranfit; 

and  the  Conjunction. 

o  10  29  Portion  of  the  Path  from  the  Ingrefs  to  the  Con¬ 

junction. 

o  6  24  Portion  of  the  fame  from  the  Conjunction  to  the  Egrefs. 

o  10  15  Difference  of  Longitude  of  Mercury  and  the  Sun  in  the 

Ingrefs. 

o  621  Difference  of  Longitude  in  the  Egrefs. 

h  ;  11 

q  19  2  Time  from  the  middle  of  the  Tranfit  to  the  Con- 

junction. 

True  Time  1 


Meantime3  ^  Time  of  the  Conjunftion  at  Bologna 


23  34  25  j  . 

—  !  -  in  i 

0  1  lf  of  Scorpio . 

19  23  30  Longitude  of  the  Sun  and  Mercury  at  the  very  Con¬ 

junction,  by  Caflini’ s  Tables. 

This  Longitude  agrees  within  4^ f  with  the  Obfervation 
made  by  Petrus  Lilius^J.  V.  D .  the  fame  Day  by  the 
Meridian-  Gnomon  of*  St  Petronius. 

©  12  37  Latitude  of  Mercury in  the  Northern  Ingrefs. 

o  i4w  54  Latitude  in  the  Northern  Egrefs. 

o  o  50s  Horary  Motion  into  the  Latitude. 

o  14  i  Latitude  in-the  Northern  Conjunction. 

h  x  1  n>  '  ‘  .  *  '  '  ~  •  - 

1 6  39  o  Space  of  Time  from  the  Tranfit  of  Mercuiy  thro*  the 

afeending  Node  to  the  Conjunction. 

655  o  Mean  Time  }  Time  of  the  Tranflt  th^ **  Node‘ 

■■■mil  ■■■  ■■!!■■■  1 

n  '  *  /  Motion' 


iqR  A  Tranfit  of  Menury,  under  the  Sun . 

O  I  U  :  '  t  ' 

4  15  47  Motion  of  Mercury  lcteu  in  tbc  Orbir.  out  of  the  Sun  at 

the  Diftance  of  3  9 '  about  this  -Time,  or  Argu¬ 

ment  of  Latitude  in  Conjunction. 

4  13  56  The  fame  Motion  reduced  to  the  Ecliptick, 

*  .  J  '  *  _4  <  '  >  f  C'l 

r— "  - *■■■  ■■  ■  -■  »  ■  *  ■  ■-*  *  '•  J *  ’•  -  .  f  ‘ 

0  I  H  of  Taurus  ,  :  ;  *  i  b 

K  q  04  Place  of  the  alcending  Node  of  Mercury  feen  out  of 

the 

*-\  r  r  n  *  '  *  •  :  ’  w 

_ _ ^  _ _  •"  *  J  ■  v  'jp  « 

Log.  449301  Diftance  of  Mercury  from  the  Sun  at  the  Time  of 

Conjunction  by  Caffmt’s  Tables. 

Log.  499503  Diftance  of  the  Earth  from  the  Sun  by  the  fame  Tables. 

« ■  1  ■"  ■»«  1 » 

o  /  II  ;  ,  > 

o  30  31  Latitude  of  Mercury  in  Conjunction  feen  out  of  the 

Sun  North,  #  , 

651  o  Inclination  of  the  Orbit  of  Mercury  to  the  Ecliptick, 

— —  ■■  ■ '  — — 

h,  /,  It  •  5  ;  ■  ■;  '  •  i  r  '  ;  ;  O 

03  16  Time  from  the  inner  Con  tad  of Mercury  to  the  outer 

one  in  the  Egrefs,  by  Obfervadon. 

q  f  If 

o  o  20  Portion  of  the  Path  gone  through  at  this  Time  by 

Mercury . 

58  50  o  Angle  of  the  Path  with  the  Semi-Diameter  of  th&Sun 

in  the  Egrefs. 

o  o  10  Apparent  Diameter  of  Mercury  as  nearly  aspoflible. 


* — Obfervsd  at 

3.  Mercury  appeared  within 

the  Sun’s  eaftern 

Wittemburg, 
Nov  11. 
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h  f 
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11 
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ulxzm^under  XXVI.  I  went  t0  Greenwich ,  051.  31.  1736,  early  in  the  Morning* 
the  to  obferve  the  Conjunction  of  Mercury  with  the  Sun,  being  invited  by 

31.  1736,  h  Dr  Halley ,  who  condefcended  to  aflift  me.  The  Sky  was  very  clear 
J.  Bevis,M.Z>.  at  the  rifmg  of  the  Sun,  but,  the  Wind  was  very  brifk,  "Dt  Halley  was 
622  4 Rea /'  *n  t^ie  ^ame  R°om  with  me,  and  was^pleafed  to  attende  the  Clock* 
December  1 whilft  I  took  the  care  of  aTelefcope  of  24  feet.  I  began  to  obferve 
174.^  2  -  about 


A  "Tranfit  of  Mercury  over  the  Thin*  tg^ 

about  8,  being  afraid  of  miffing  the  Ingrefs,  if  there  fhould  be  any 
Error  in  the  Calculation  :  But  I  could  fee  nothing  in  the  Sun  befides  ' 

Spots.  The  Sky  was  prefently  after  covered  with  Clouds.  About  ten 
the  Clouds  opened  a  little,  and  gave  me  the  firft  Opportunity  of  feeing 
'Mercury  under  the  Sun ,  which  was  taken  away  in  a  Moment  by  very 
thick  Clouds.  I  had  not  waited  long  before  I  faw  him  again,  and 
fhewed  him  to  Dr  Halley  on  the  Face  of  the  Sun .  Then  came  a  long 
Succeffion  of  dark  Clouds.  About  Noon  it  began  to  be  clear,  and 
Dr  Halley  obferved  the  Sun  culminating  with  his  great  Mural  Quadrant. 

I  had  now  great  Hopes  of  feeing  the  Egrefs  of  Mercury ,  and  renewing 

my  Application,  made  the  following  Obfervations. 
h  /  u 

Oft.  30.  23  50  45  The  Centre  of  Mercury  was  11  Sff  diftant  from 

the  Sun  by  the  Micrometer. 

31.  o  2  3,9  Mercury  was  diftant  from  the  Sun9 s  Limb 

about  his  own  Diameter. 

7  4  The  Centre  was  judged  by  the  Eye  to  be  gone 

out. 

8  33  The  exterior  Contadf,  the  Sky  being  very 

clear. 

XXVII.  I  have  fent  you  a  Scheme  of  the  Phafe  of  the  Sun ,  Oft.  31ft,  A  Tranfit  of 
iih  5'  i27/  as  taken  by  my  Telefcope,  which  is  a  very  good  one  of  10  Mercury  over 
feet*,  but  as  I  had  neither  Crofs- Hairs,  Micrometer,  or  other  exadt  ^  Sun,  Ot\. 
Inftruments,  the  Obfervation  may  not  be  very  exa<ft  :  Befides,  I  had  p*  IZ38*.  ^ 
only -a  Glimpfe  of  the  Sun  for  7  or  8  Minutes.  m.*])  T  r^s 

'  ;  No.  459.  p.  645.  Fig  82.’ 

XXVIII.  April  21,  1740,  I  had  an  Opportunity  to  obferve  Mercury  y  A  Tranfit  of 
then  near  his  defcending  Node,  tranfiting  the  Sunys  Difk.  Being  ad-  Mercury  over 
vertifed  by  Dr  Halley's  Calculations,  that  the  former  Part  of  this  Tranfit  ^Sun,. -April 
would  be  vifible  in  our  Horizon,  I  was  refolved  to  obferve  it  in  the  beft  ^johnWm- 
manner  .1  could,  with  thofe  few  Inftruments  I  was  furnifhed  with  ;  thorp.  Hoi . 
which  were  only  thofe  I  had  received  from  my  Predeceffor  Mr  If.  Green -  lifian  Prof 
wood9  and  are  the  fame  that  are  mentioned  by  the  late  Mr  Thomas  Robie  *  a*daf 
being  a  24  Foot  Telefcope,  another  of  8  Foot,  and  a  brafs  Quadrant  Cambridge  in 
of  2  Foot  Radius,  fitted  with  telefcopic  Sights,  and  having  Crofs-Hairs  New-Eng- 
fixed  in  the  Focus  of  the  Glaffes.  All  thefe  I  got  in  Readinefs,  being  land.N0.47r. 
the  more  defirous  to  make  this  Obfervation,  becaufe  Mercury  had  never  xRead 

as  yet  been  feen  entering  upon  or. going  off  the  Sun9 s  Limb  at  his  '  74  ^ 

defcending  Node,  and  this  Tranfit  ought  to  be  invifible  to  Europe.  The 
better  to  obferve  Mercury's  Ingrefs  on  rije  Sun,  I  determined  to  make 
ufe  of  my  24  Foot  Tube,  while  an  Afiiftant  I  had  with  me  ufed  that 
of  Eight  Foot :  After  which  I  propofed,  in  order  to  find  out  his  Path 
in  the  Sun ,  to  obferve  the  Paffages  of  Mercury  and  the  Sun's  Limbs  by 
an  horizontal  and  vertical  Hair  in  the  Telefcope  of  the  Quadrant ;  and 


*  See  Vo!.  VI,  p.  173. 


I  chofe 
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A  *1  ran  fit  of  Mercury  over  the  Sun. 

1  chofe  rather  to  deduce  Mercury's  Right  Afcenfions  and  Declinations  by 
Calculation  from  hence,  than  to  obferve  them  immediately  in  the  com¬ 
mon  way  of  placing  one  of  the  Crofs-Hairs  parallel  to  the  Equator,  CtV. 
becaufe,  as  the  Sun  was  likely  to  be  low  before  Mercury  made  his  En¬ 
trance,  Refraction  would  have  caufed  confiderable  Errors  in  the  Places 
of  Mercury  determined  in  this  Manner.  Having  no  Clock,  I  was 
obliged  to  make  ufe  of  my  Pocket- Watch,  which  I  know  to  be  a  good 
onet  and  by  this  it  was  eafy  to  diftinguifh  Time  to  a  Quarter  of  a 
Minute,  which  would  have  ferved  pretty  well  for  the  Ingrefs  of  the 
'Planet.  But  as  it  was  by  no  means  fufficient  for  thofe  other  Obfervations 
1  defigned  to  make,  I  procured  another  Watch,  which  (hewed  Seconds; 
and  both  thele  Watches  I  adjufted  to  the  apparent  Time,  by  feveral 
Altitudes  of  the  Sun  taken  with  the  Quadrant  before  the  Tranfit  began; 
and  by  Altitudes  taken  the  next  Day,  I  found  that  the  Watches  had 
kept  time  exaCtly  enough.  I  expcdted  that  the  Centre  of  the  Planet 
would  enter  upon  the  Sun  at  5h  but  being  apprehenfive  that  he  might 
be  earlier  than  the  Calculation,  I,  for  fome  time  before  that,  with  my 
\  24  Foot  Tube  directed  to  the  Sun ,  kept  my  Eye  fixed  on  that  Part  of 

his  Limb  where  the  Planet  was  to  enter,  as  Readily  as  I  could  for  the 
Wind,  which  then  blew  frefh.  This  Precaution  was  not  needlefs  ;  for, 
at  4h  54^  59f/,  I  perceived  that  Mercury  had  made  a  Impreffion  on  the 
Sun's  Limb;  by  the  Quantity  of  which  I  concluded,  that  almoft  i  of 
bis  Diameter  might  be  entered.  After  I  had  beheld  this  very  plainly 
about  a  Minute,  a  fmall  Cloud  covered  the  Sun  near  3';  which  then 
clearing  off,  and  the  Sun  (Lining  very  bright,  as  before,  I  had  again  a 
difiinCt  View  of  the  Planet,  and  faw  much  more  than  half  his  Body  on 
the  Sun.  I  continued  to  fee  him  till  f  or  40^,  at  which  Time  he 
feemed  to  be  gotten  almoft  wholly  within  the  Sun  ;  for  he  appeared  now 
very  near  round,  though  I  could  not  yet  difcern  the  Sun's  Light  behind 
him.  By  the  (baking  of  the  Tube,  I  unfortunately  mififed  the  Moment 
of  his  interior  Contact  with  the  Sun's  Limb,  but  am  certain  it  could  be 
but  very  little  later  than  this ;  fori  prefendy  after  faw  him  fairly  with¬ 
in  the  Sun.  Upon  which,  I  repaired  to  my  Quadrant ;  but  this  being  at 
my  Lodgings,  at  fome  Diftance  from  the  long  Telefcope  with  which 
I  obferved  the  Ingrefs,  and  which  I  had  no  Convenience  for  raifing 
nearer  Home,  almoft  half  an  Hour  (lipped  away  before  it  was  poflible 
for  me  to  begin  my  Obfervations.  I  began  them  as  foon  as  I  could,  and 
*  continued  them  till  Sun-fet,  excepting  when  I  was  interrupted  by  the 
Clouds  *,  and  I  obferved  fometimes  one  and  (bmetimes  the  other  Limb 
of  the  Sun,  as  I  found  it  mod  convenient.  It  will  be  needlefs,  I  fup- 
pofe,  to  give  a  Detail  of  all  the  Obfervations  I  made  ;  I  (hall  therefore 
feledt  Two  or  Three,  which  I  look  upon  as  mod  exadt,  and  mod 
fuitable  to  my  prefent  Purpofe.  One  was  as  follows : 

The 
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A  \ Tranjit  of  Mercury  over  the ,  Sun. 


h 

1 

f/ 

The  Sun  at  the  Horizontal  — 

—  —  5 

37 

59 

The  Sun  at  the  Vertical  —  — 

- —  —  - —  0 

39 

i 

Mercury  at  the  Vertical  • — *  — 

-  -  —  o 

39 

1 6 

Mercury  at  the  Horizontal  — 

~  —  —  0 

40 

1 

This  Obfervation  gave  me  the  Azimuth  and  Altitude  of  Mercury  at 
his  Paffage  by  the  vertical  Hair  ;  from  whence  I  computed  his  Right 
Afcenfion  and  Declination,  and  from  thence  his  Longitude  and  Lati¬ 
tude.  The  Method  of  obtaining  which  being  fufficiendy  known, 
I  fhall  fay  nothing  upon  it,  but  only  mention  the  Refult  of  the  Numbers, 
which  was,  that  at  5h  59'  16",  when  Mercury  paffed  the  Vertical, 

his  Longitude  was  120  43'  5 "  «  ;  and  the  Sun  being  then  in 

120  42'  27"  of  that  Sign,  Mercury  was  in  confequence  of  the  Sun's 
Centre,  38",  his  Latitude  at  the  fame  time  being  if  2"  North. 
Another  Obfervation  was  thus : 

h  /  // 

The  Sun  at  the  Horizontal  — - -  M?  37 

The  Sun  at  the  Vertical  —  —  —  — -  —  048  17 

Mercury  at  the  Vertical  — •  —  — —  —  o  48  2 5 

Mercury  at  the  Horizontal  — •  • —  —  —  04924 


From  hence  I  concluded,  that  at  6h  48'  25"  Mercury  was  in  Antece¬ 
dence  of  the  Sun  3'  57"  with  14'  20"  North  Latitude.  1  made  another 
Obfervation  after  this *,  but  the  Sun  being  then  very  near  the  Horizon, 
his  Limbs  were  not  well  defined,  fo  that  I  look  upon  this  Obfervation 
as  much  preferable  to  that.  I  fhall  fet  down  only  two  more,  which 
were  made  about  the  middle  between  thefe  two  j  and  were  made  by 

the  Sun’s  upper  Limb,  h  „  ff 

The  Sun  at  the  Vertical  —  ■ —  —  •—  — '  &  6  56 

Mercury  at  the  Vertical  —  —  ~~  —  —  0  7  8 

Mercury  at  the  Horizontal  —  —  —  0  8  42 

The  Sun  at  the  Horizontal  —  —  —  °  9  45 


The  Sun  at  the  Vertical  —  — -  —  —  -—0  27  18 

Mercury  at  the  Vertical  — •  —  — •  * —  ~~  0  *7  2  9 

Mercury  at  the  Horizontal  —  —  —  01026 

The  to  at  the  Horizontal  -  —  *—  0  l9  3 2 


At  the  former  of  thefe  Obfervations,  viz.  6 >>  7' 8"  I  computed  the 
Longitude  of  Mercury  to  be  in  120  42'  ^7n  »»  which  being  taken  from 
the  Sun’s  Place  in  .2“  43'  35"  «,  leaves  1',  18"  for  the  Difference  of 
Longitude  between  the  Sun  and  Mercury  ;  and  his  Latitude  was  then 
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A  'tranjit  of  Mercury  over  the  Sun . 

14/  47^.  At  the  latter  Qbfervation,  the  Difference  of  Longitude  was 
1!  55//,  and  the  Latitude  of  Mercury  14'  42T- 

From  thefe  Places  of  Mercury  it  appears,  that  his  Horary  Motion  in 
Longitude  from  the  Sun  was  now  3^  5^^’  according  to  which,  if  we 
fuppofe  the  central  Ingrefs  to  have  been  at  411  57^,  we  fhall  find  the 
Difference  of  Longitude  at  that  time  3^,  20^  •,  and  the  Semi-diameter 
of  the  Sun  being  15'  57",  the  Latitude  of  Mercury  muff  be  15'  36". 
Now  the  Angle  of  Mercury's  vifible  Way  with  the  Ecliptic  being,  by 
the  Theory  of  his  Motion,  io°  23',  we  muff  conclude  the  former  of 
the  obferved  Latitudes  about  4"  too  (mail,  and  the  latter  as  much  too 

largej- - an  Error  very  inconfiderable  in  this  kind  of  Obfervations. 

From  thefe  things  we  may  gather  by  an  obvious  Computation,  that 
Mercury  was  in  Conjunction  with  the  Sun ,  in  refpeCt  of  Longitude, 
at  5h  47'  with  14'  59^  North  Latitude  *,  and  that  his  neareft  Diftance 
to  the  Centre  of  the  Sun  was  14J  44^5  and  when  he  was  at  his  neareft 
Diftance,  the  Difference  of  his  Longitude  from  the  Sun's  was2;  39^ 
which  he  paffed  over  in  40'  of  Time,  and  confequently  arrived  at  the 
middle  of  his  Courfe  in  the  Sun  at  6h  27 ^ :  Whence  the  Semi-duration  of 
the  central  Tr unfit  was  ih  30  and  the  End  at  yh  57  \  an  Hour  after  Sun-fet. 

As  to  the  Place  of  Mercury's  Nodes,  the  Inclination  of  his  Orbit  to 
the  Ecliptic,  and  the  other  Elements  of  his  Theory,  I  pretend  not  to 
determine  any  thing  from  fo  fhort  a  Series  of  Obfervations  as  this.  I 
content  myfelf  with  the  foregoing  Determinations,  which,  I  hop?,  are 
not  far  from  the  Truth,  having  taken  all  the  Care  I  could,  both  in  the 
Obfervations  and  Calculations. 

XXIX.  1.  The  Beginning  could  not  be  feen  by  reafon  of  Clouds, * 
but  about  Sh  45^  Mercury  was  feen  (through  a  Reflecting  Telefcope  three 
Foot  Focus ,  magnifying  about  50  times)  about  four  or  five  of  his 
Diameters  within  the  Sun's  Limb. 

At  Mr  Short's  Houfe  in  Surrey  -  ft  reet^  Mercury ^  was  feen  juft  paft  the 
interior  ContaCt  8h  30^  59^  through  a  Reflecting  Telefcope  two  Foot 
Focus ,  magnifying  about  70  times  5  the  Perfon  who  obferved  it  fays, 
that  the  Thread  of  Light  between  Mercury  and  the  Sun's  Limb  was 
fo  fmall,  as  fcarcely  to  amount  to  the  20th  or  30th  Part  of  Mercury's 
Diameter. 


-  Fhe  following  Differences  of  Right  Afcenfton  between  the  Sun's  preceding 
Limb  and  Mercury,  were  taken  at  Mr  Shortb  FLoufe . 

’  h  /  // 

Sun’s  preceding  Limb  touched  the  Wire  at  —  — *  1  10  58  55 

Mercury  touched  the  fame  Wire  at  —  • —  — -  —  j  10  59  40 

Sun’s  preceding  Limb  touched  the  Wire  at  — -  —  — in  48  4 

Mercury  touched  the  fame  Wire  at  * —  —  — *  —  J>ii  48  32 

Sun’s  fubfequent  Limb  touched  the  fame  Wire  at  —  —  J  1 1  50  2° 
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Sun’s  preceding  Limb  touched  the  Wire  at  —  —  \  n  49  20 

Mercury  touched  the  fame  Wire  at  — -  —»  — •  ~  f  1 1  49  46 

Sun’s  precedirg  Limb  touched  the  Wire  at  —  ^11  51  9 

Mercury  touched  the  fame  Wire  at  — ■  — ■  —  * —  f  11  at  56- 

Sun’s  preceding  Iamb  touched  the  Wire  at  —  * — •  1^x2  1  3.3 

Mercury  touched  the  fame  Wire  at  —  —  - —  —  J  12  1  57 


Mr  Graham  got  an  Obfervation  madeby  a  P'erfon  in  his  Neighbour¬ 
hood,  by  which  it  appears,  that  at  nh  59'  50^,  Mercury  preceded  the 
Sun’s  Centre  42^  in  Right  Afcenfion. 

The  Sky  clearing  up  towards  one  o’Clock,  the  following  Times  were 
obferved  at  Mr  Graham's  Houfe  with  great  Accuracy.  h  r 
Laft  interior  Contact  at  —  —  — •  —  • —  —  —  1  04  2 

End,  or  Mercury  juft  leaving  the  Sun’s  Limb  at  - —  — -  1  2  id 

This  laft  Obfervation  agrees  to  a  Second  with  the  fame  Obfervation 
made  by  Dr  Bevis  at  Mr  Sijjori* s  Houfe  in  the  Strand. 

During  the  Time  of  thefe  Obfervations  it  blew  a  violent  Gale  of 
Wind,  fo  that  both  Obfervers  and  Inftruments  were  fomewhat 
difturbed. 

2.  I  made  this  Obfervation  at  London,  in  Beaufort- Buildings,  fituated  — ^  John  Be- 
about  h  a  Minute  Weft  from  the  Royal  Obfervatory.  The  Weather  D> 

was  the  fame  as  in  my  former  Obfervation*,  only  the  Wind  blew  har- 
der,  which  caufed  a  little  fhaking  of  the  Telefcope,  tho’ ftrongly  Sup-  Dec.15.1743. 
ported.  I  could  not  eafily  apply  the  Micrometer,  and  the  fingle  Ob¬ 
fervation  made  with  it  was  found  to  be  fo  inaccurate,  by  comparing 
it  with  a  contemporary  Obfervation  made  in  a  clofe  Room  at  Greenwich , 
that  I  fhall  not  mention  it.  Mr  Jer .  Siff’on  counted  the  Clock,  whilft  I 
obferved  the  Sun.  At  8  in  the  Morning  nothing  appeared  in  the  Sun, 
and  it  was  foon  after  obfcured  by  many  Clouds.  At  about  10  h  I  firft 
difcovered  Mercury ,  having  then  finiftied  almoft  half  his  Paflage.  The 
Sun  was  then  covered  with  Clouds  again,  but  at  Noon  grew  bright, 
when  the  afcenfional  Difference  of  the  Sun  and  Mercury  appeared  :  for 
having  placed  three  vertical  Threads  in  the  Focus  of  the  meridional 
Paflage.  Off,  24.  23h  57-'  48^  T.  App.  the  preceding  Limb  was  come 
to  the  firft  of  them,  and  in  25^  the  Centre  of.  Mercury  came  thither. 

It  then  grew  very  cloudy  with  Rain,  fo  that  I  thought  of  giving  over 
the  Obfervation,  but  the  Clouds  breaking  again,  I  proceeded,  and  had 
the  Pleafure  to  fee  Mercury  exceeding  black  upon  the  bright  Body  of  the 
Sun,  and  fet  down  the  following  Phafes  exa&ly. 


*  Fide  Supra ,  §.  xxvi. 
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A  T r  unfit  of  Mercury  over  the  Sun. 


Temp*  Ap.  h 
Oft.  25.  o 


I 

58 


// 

34 


The  Di (lance  between  the  Limbs  of  the  Sun 
and  Mercury  nearly  equal  to  the  Diameter 
of  Mercury . 

i  o  33  The  lad  interior  Contadl. 

1  25  The  Egrefs  of  the  Centre,  judged  by  the 

Eye. 

2  1 6  The  lad  exterior  Contact. 

The  Day  before,  a  little  before  Noon  the  Diameter  of  the  Sun  was 
meafured  32'  27^  with  an  excellent  Telefcope  of  12  Feet,  armed  with 
a  Micrometer. 

Mr  Bird  made  a  good  Obfervation,  about  the  Beginning  ot  the 
Tran  fit,  with  a  catadioptrical  Telefcope  that  magnified  much,  in  Surrey- 
ftreet  about  1 11  £  of  Time  Ead  from  the  Place  of  my  Obfervation.  He 
perceived  a  very  fmall  Thread  of  Light  between  the  Limbs  of  the  Sun 
and  Mercury ,  which  had  jud  entered,  fcarce  equal,  as  he  faid  to  -y 
the  Diameter  of  Mercury ,  at  8 h  30'  56^,  that  is,  at  8h  30'  54r/^ 
Beaufort -Buildings ,  as  appeared  by  an  exa&  comparifon  of  the  Clocks  \ 
wherefore  I  may  venture  to  refer  the  total  Ingrefs  at  Beaufort-Buildings 
to  8h  30 r  40,f  as  near  as  pofiible. 

I  may  therefore,  from  what  has  been  faid,  fet  down  the  whole  Tram* 
fit,  as  feen  at  Beaufort-Buildings ,  in  the  following  manner. 


Temp.Ap.  h 
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Oft.  24.  20 

28 

57 

29 

48 

3° 

40 

25.  i 

0 

33 

1  2.4  2  1  ne  ngreisoi  me  t^enrre. 

2  16  The  lad  exterior  Con tadl. 

«—by  Mr  John  3’ 

Catlyn,  No.  The  Equal  Time  of  the  true  6  at  Greenwich  —  Oft . 

466.  p.  235.  The  Equation  of  Natural  Days  add  —  — • 

f7^  ov‘zs*  Apparent  Time  of  the  true  6  —  —  —  Oft . 

At  which  Time  the  true  Place  of  the  Sun  and  ! 

of  Mercury  feen  from  the  Earth  —  —  — *  j 

The  Geocentric  Latitude  of  Mercury  — ^  * — 

The  Elongation  in  5  Hours  (i.  e.)  the  2 
immediately  preceding  and  following  the  6 

The  Difference  of  Latitude  in  the  fame  time - - 

Therefore  the  Angle  of  the  apparent  Way  of  2  1 
with  the  Ecliptic  —  —  —  — •  — •  f 

And  the  Didance  of  their  Centres  at  the  Time  1 
of  their  neared  Approach  —  * — •  — *  ■ —  j 
And  the  Motion  of  Interval  between  that  and  the  6 
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A  franfit  of  Mercury  over  the  Sun . 


And  the  hourly  Motion  of  Mercury  in  his  Path  ? 

over  the  Difk  of  the  Sun  —  —  — 1  / — 1  f 

And  the  Motion  of  the  i  Duration  from  the  firft] 
to  the  lad  exterior  Contads  of  the  Limbs  —  j 
And  the  Motion  of  the  fame  for  the  interiori 
Contacts  ■ —  —  — -  —  —  —  —  j 
Hence  the  Time  of  the  Interval  from  the  6  to  1 
the  Middle 

of  i  the  exterior  Tranfit  —  ■ —  —  • — 

of  j  the  interior  Tranfit  • — •  —  1 — 

Hence  h 

The  firft  exterior  Contad  of  the  Limbs  —  8 
The  firft  interior  Contad  —  —  * -  8 
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Morning, 


^Aftrenoon. 


The  neareft  Approach  of  the  Centres,  or  1 

Middle  —  —  ——  —  —  / 

The  laft  interior  Contad  —  —  — •  — *  0 
The  laft  exterior  Contad,  or  End  of  the  ^ 

This  Computation  is  made  from  Tables  *  which  give  the  afcending 
Node  of  Mercury  at  the  Time  of  this  Tranfit  &  17M'  too  forward,  ac¬ 
cording  to  the  Reful  t  of  very  accurate  Obfervations  made  of  that  in 
the  Year  1723,  by  Dr  Halley,  Dr  Bradley ,  and  Mr  Graham .  There¬ 
fore  making  the  Calculation  with  this  Corredion  of  the  Place  of  the 
Node,  the  Times  of  the  feveral  Circumftances  of  the  T ranfit  will  be  as 
follows : 

The  firft  exterior  Contad  — •  — 

The  firft  interior  Contad  —  — 

The  neareft  Approach  of  the  Centres 
The  laft  interior  Contad  —  — 

The  laft  exterior  Contad 


h 

—  8 
—  8 

—  10 
— •  1 

—  1 


/ 

29 

31 

46 

1 

2 


11 


21  1  Offi.  25.  in 

5  the  Morn- 

6  j  ing. 

7  1 

/  ^Afternoon. 

51  j 


This  Tranfit  may  be  very  aptly  compared  with  that  which  happened 
on  the  24th  Day  of  October  1 697  f  5 .  as  happening  at  the  End  of  a  re¬ 
markable  Period  in  Mercury's  Motion,  by  which  he  is  nearly  in  the  fame 
Situation,  with  refped  to  the  Sun,  at  every  Completion  of  it.  Dr  Halley 
in  his  Series  of  Moments,  in  which  Mercury  is  joined  to  the  Sun,  (fic  lj. 
makes  the  Middle  of  this  Tranfit  at  iP  paft  Six  in  the  Morning  the 
24th  Day,  or  the  23d  Day  at  iB*1  i  if.  in.  and  the  Diftance  ot  the. 

Centres  of  the  Sun  and  Mercury  iof  4^.  ,  _  , 

It  may  not  be  amifs  to  examine  and  compare  thefe  fsumbeisby  lucn 
Obfervations  as  were  made  of  this  Tranfit ,  and  may  be  depended  on, 
and  thereby  to  colled  the  Difference  between  Computation  and  Obfer- 
vation ;  and  whatever  Error  arifes  in  Excefs  or  Defect  by  a  proper 


,N 


*  Vol.  VI.  Chap.  III.  §.  39.  t  Mean  Period  46  Years  id  5*  43''  42 

||  Vol.  I.  Chap.  IV.  S.ioo.  v  . 

‘  -  Applicatio 


205 


2 


n 


2o6  A  Tir  unfit  of  Mercury  over  the  Sun. 

Application  to  the  1‘ranftt  of  1743,  it  is  imagined,  will  foretel  it  with 
a.  greater  Degree  of  Exa&nefs,  than  a  Calculus  from  any  Theory  what- 

foever. 

There  was  only  the  Egrefs  of  Mercury  in  the  Tranjit  of  1697»  capable 
of  being  ob flawed  in  Europe  *  -,  which  v/as  done  at  Nuremberg  in  Ger¬ 
many,  by  Mr  IVurtzelbaur,  and  at  Paris  by  M.  CaJJini  *,  at  Greenwich 
Clouds  prevented  it.  At  Nuremberg  Mr  TVurizelbaur  obftrved  Mercury 
to  go  off  of  the  Difk  of  the  Sun  *f  at  8h  45 r  ^  mane  about  73  i  Degrees 
from  the  Vertex  of  the  Sun  to  the  Right-Hand ^  and  M.  Caffmi 
obierved  the  fame  accurately  at  8h  icd  24' ;  mane ;  therefore  from  the 
known  Difference  of  Meridians  of  thefe  Places,  the  Egrefs  muft  have 
happened  at  Greenwich  at  8h  1 1  mane . 

The  Obfervation  of  Mr  Wurtzelbaur  will  greatly  avail  at  coming  at 
the  Duration  of  the  T ran  Jit.  It  is  mentioned,  that  Mercury  left  the 
Limb  of  the  Sun  73  0  30*  from  his  Vertex  to  the  Right.  Now  at  that 
time  at  Nuremburg ,  the  Angle  of  the  Ecliptic  with  the  Vertical  palling 
through  the  Sun’s  Centre,  was 4-2°  3'  5M»  therefore  the  laft  Point  of 
Contact  on  the  Sun’s  Limb  was  obferved  310  2 6!  55P  from  the  Eclip¬ 
tic  to  the  South,. and  confequently  his  Latitude  was  8!  28n  South  at 
that  time. 

To  find  the  Point  on  the  Sun’s  Limb  of  the  Ingrefs,  in  order  to  come 
at  the  Duration  of  the  Eranfit,  we  mult  be  beholden  to  Computation, 
and  the  Theory  of  Mercury’s  Motion :  I  have  therefore,  from  the 
Tables  from  which  the  above  Times  of  the  Tran/it  of  1743  are  drawn, 
carefully  computed  his  Motion  along  his  Path  eroding  the  Difk  of  the 
Sun,  and  find  that  he  moved  along  it  after  the  Rate  of  5^  53^  i  in  an 
Hour,  and  the  Difference  of  Latitude  in  5  Hours  4.1  21^,  and  his 
Elongation  29^  y,J:  Therefore  the  Angle  of  his  vifible  Way  was 
8Q  29'  50",  which,  doubled,  and  added  to  31°  26'  55",  gives 
48°  26*  35n,  his  Diftance,  on  the  Limb  of  the  Sun  from  the  Ecliptic 
alfo  to  the  Southward  at  his  Ingrefs  on  it-,  therefore  the  neareft  Approach 
of  his  Centre  to  that  of  the  Sun  was  io1  19^,  and  the  Length  of  the 
Path  run  during  the  tfranfit  25^  14^,  and  confequently  the  time  of 
running  it  4h  17'  the  half  of  which  2h  81  £,  fubtradted  from  20h  i!,  the 
End  ot  the  Eranfit  at  Greenwich ,  gives  the  Middle  there  at  1711  52'  30^ 
earlier  by  18M  than  the  Series  ofMoments,  &c.  give  it. 

Now  as  the  faid  Series  makes  the  Middle  of  the  ^ranfit  of  1743» 
at  1  ih  2 1  mane ,  and  as  it  correfponds  with  that  of  1697;  and  the 
Computation  of  that  is  1 8  M  too  late  by  the  Series  of  Moments,  &c. 
it  may  be  reafonably  expedted,  that  the  fame  Computation  for  this 
of  1743  will  be  fo  much  too  late  too-,  and  iffo,  the  Middle  may  be 
put  down  at  43^  pad  10,  or  44  ^  at  far  theft,  Offober  25th  in  the 
Forenoon. 

*  Flarn/leacTs  Hij}.  Cceleji.  Lib.  II.  Fol.  32.  +  Vertex  to  the  Right,  it  fays, 

a  Nadir  Solis  ad  dextras ;  but  it  is  a  manifefi;  Miftake,  as  any  one  upon  Trial  may  find. 

By 


An  Occult  ation  of  Mercury  by  Venus , 

By  Computation  from  the  Tables  above-mentioned,  with  the  Cor¬ 
rection  of  the  Node,  I  make  the  Diftance  of  the  Centres  at  the  neareft- 
Approach  in  1697,  to  be  10'  33",  but  by  the  Obfervations  of 
Mr  Wurtzelbaur  it  turns  out  only  io'  19^,  lefs  by  14T  Should  there¬ 
fore  their  Diftance  in  1743  computed  in  the  fame  manner  at  9'  10^ 
be  as  much  diminifhed,  the  Duration  of  the  Tranfit  will  be  protra&ed 
no  lefs  than  5'  24^,  and  the  firft  ContaCt  will  be  21  42^  earlier, 
and  the  laft  fo  much  later,  than  the  Times  above-mentioned  for 
them. 

N.  B.  In  the  Computation  of  the  tranfit  of  1743,  the  Semidiameter 
of  the  Sun  is  fuppofed  16 f  14F  £  and  that  of  Mercury  4f  /  i;  but  in  that 
of  1697,  have  taken  Mercury's  only  3^  Z,  imagining  the  precife  Mo¬ 
ments,  of  the  firft  and  laft  exterior  Contacts  are  not  obfervable  •,  but  that 
the  Ingreft  is  feen  -feme  little  Time  later,  and  the  Egrefs  fooner,  than 
the  true  Times  thereof.  I  have  all  along  fpoke  of  the  Motion  of  Mercury 
without  fnentioning  that  of  the  Sun,  whereas,  in  Reality,  it  is  that  of 
them  both  jointly  5  but  as  we  may  fuppofe  the  Sun  to  ftand  ftill  durino- 
the  tranfit  it  will  then  be  confidered  as  the  apparent  Motion  of  Mercury 
alone  for  that  Time. 
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The  preceding  Limb  of  Venus  pafies  the  Meridian, 
the  Centre  from  the  Vertex  250  4 6f  35D.  but  I 
could  not  fee  Mercury  within  the  Telefcope. 

The  Centre  of  Mercury  preceded  the  preceding  Limb 
of  Venus  12 11  of  Time. 

The  fame  preceded,  as  before,  the  fame  Quantity  of 
Time. 

As  Mercury  ran  along  the  parallel  Thread  of  the  Mi¬ 
crometer,  the  fouthern  Cufp  of  Mercury  was  cut  by 
the  fame  Thread  D  g,  whence  I  gathered  that  Venus 
would  cover  Mercury ,  or  at  leaf!  touch  him  ;  therefore 
I  drew  out  the  Micrometer,  that  I  might  difcern  the 
Jnner  ContaCt  the  better,  with  a  Tube  of  24  Feet. 

Mercury  is  not  diftant  from  Venus  more  than  T3  or  ~  of 
the  Diameter  of  Venus  :  then  interpofing  Clouds. 

Venus  ftiines  out  again  very  bright,  bu£  all  Mercury 
lies  hid  under  Venus-.  The  Clouds  now  cover  Venus 
again,  hindering  any  farther  Contemplation  of  fo  rare 
a  SpeClacle. 

Meridian  Diftance  of  the  Sun  from  the  Vertex  g o°  4'. 


An  Occulta- 
iion  c/M trea¬ 
ty  by  Venus, 
May  1 7 .  173-. 
cit  the  Ob/er- 
njatoty  at 
Gr  eenwich,  by 
J.  Bsvis  M.D. 
No.  430.  p. 
394.  Oct.  &fr. 

1  738- 

Flg’  83* 


31  53  -  The  preceding  Limb  of  Venus  pafies  the  Meridian. 


The  Centre  diftant  from  the  Vertex  2  A  pf 
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An  Oh  fer  na¬ 
tion  on  the  Pla¬ 
net  Venus, 

/ with  regard 
to  her  having 
a  Satellite ) 
made  by  Mr 
fames  Short, 
F.R.S.  at  Sun- 
rife ,  Oft.  23. 

1740.  No. 
459.  p.  646. 
fan.  &c. 

1741. 


An  Obfervation  on  the  Planet  V tnus. 

I  could  not  fee  Mercury  culminating  this  Day,  tho*  the  Sky  was 

very  clear. 

N.  B.  The  Diftances  from  the  Vertex  are  not  cleared  From  the 

Refradiions.  '  i 

XXXI.  Diredling  a  Refle&ing  Telefcope  of  16.5  Inches  Focus,  (with 
an  Apparatus  to  follow  the  diurnal  Motion)  towards  Venus-,  I  perceived 
a  (mail  Star  pretty  nigh  her  *,  upon  which  I  took  another  Telefcope  of 
the  fame  focal  Diftance,  which  magnified  about  50  or  60  times,  and 
which  was  fitted  with  a  Micrometer,  in  order  to  meafurejt’s.  Diftance 
from  Venus ;  and  found  it’s  Diftance  to  be  about  io°.  binding  Venus 
very  diftind,  and  confequently  the  Air  very  clear,  I  put  on  a  magnify¬ 
ing  Power  of  240  times,  and,  to  my  great  ^Surprize,  found  this  Star 
put  on  the  fame  Phafis  with  Venus .  I  tried  another  magnifying  Power 
of  140  times,  and  even  then  found  the  Star  under  the  fame  Phafis. 
It’s  Diameter  feemed  about  i,  or  fomewhat  lefs,  of  the  Diameter  of 
Venus  ;  it’s  Light  was  not  fo  bright  or  vivid,  but  exceeding  fharp  and 
well  defined.  A  Line,  palling  through  the  Centre  of  Venus  and  it, 
made  an  Angle  with  the  Equator  of  about  18  or  20  Degrees. 

I  faw  it  for  the  Space  of  an  Hour  feveral  times  that  Morning ;  but 
the  Light  of  the  Sun  increafing,  I  loft  it  altogether  about  a  Quarter 
of  an  Hour  after  Eight.  I  have  looked  for  it  every  clear  Morning 
fince,  but  never  had  the  good  Fortune  to  fee  it  again. 

Caffmi,  in  his  Aftronomy,  mentions  much  fuch  another  Ob- 

fervation.  .  r  Tr  r 

I  likewife  obferved  Two  darkifh  Spots  upon  the  Body  of  Venus  \  for 

the  Air  was  exceeding  clear  and  ferene. 


Several  Jfiro- 
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Nov.  8.  18 
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Jan.  1742-3. 

9.  18 

34 

0  A  w. 

22.  18 

43 

0  A  m • 

26,  7 

45 

0  Vefp. 

?  preceding  the  Star  y  in  nfc  was  more 
Weft  in  the  right  Afcenfion  2'  54^ 
of  Time,  and  more  North  in  the 
Declination  6f  30^. 

?  following  yefterday’s  Star,  was  more 
Eaft  in  the  right  Afcenfion  1 r  of 
Time,  and  more  South  in  the  Decli¬ 
nation  1  sf  40"  Diftance  211  53". 
?  followed  the  Star  3  in  «R  in  right 
Afcenfion  4'  2 y11  of  Time,  and  was 
more  fouthern  in  the  Declination 
13^  20rl. 

The  Star  r  in  zz  flood  in  the  Line  of 
*  Dichotomy  of  D ,  from  the  fouthern 
Cufp  in  the  Declination  more  fouth¬ 
ern  13''  o". 

Dec» 


Dec.  2. 

4 • 
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Jan*  t. 


21. 

22. 

Feb.  22. 

24. 

VOL. 


Obfervation  on  the  Planet  Venus . 

h  j  n 

17  20  o  The  Star  sin  b  was  above  3)  in  the  fame 

right  Afcenfion  with  the  Centre  of 
Plato,  more  North  in  the  Declina¬ 
tion  12' 20^,  Plato  was  didant  from 
the  northern  Limb  of  3)  4.1  o11. 

12  2  6  o  p.M.  D  covered  the  Star  *?  in  n,  which  immer- 

ged  again  ft  By  r gins  \  the  Emerfton  was 
not  obferved  becaufe  of  a  Cloud. 

7  mane  %  diftant  from  the  Star  v  in  m  £  34ft . 

It  followed  it  in  right  Afcenfion 
1 '50'  ;of  Time  :  more  North  in  the 
Declination  19  ft 

5  59  3°  P' The  weftern  Limb  of  3)  at  the  horary 

Thread  in  the  Telefcope. 

A  A. 

6  0  24  %  at  the  Day-Thread,  was  diftant  from 

the  northern  Limb  of  3)  13ft 
i  — —  TheeafternLimbof  I>atthefameThread. 

6  5  3b  . .  ThewefternLimbof  3)  again  at  the  fame 

horary  Thread. 

6  18  — —  %  at  the  fame  Thread,  diftant  from  the 

North  Limb  12 ^  30^. 

7  55  -  EafternLimb  of  3)  at  the  fame  Thread. 

11  34  o  — -  Tf  culminated,  Altitude  730  2 6'. 

43  o - 3)  culminated,  Altitude  of  the  Centre 

73°  J5'- 

5  30  o  p.  m.  S  preceded  the  Star  of  yefterday  c  in  n 

if  Sff ofTime  in  right  Afcenfion,  it 
was  more  fouthern  in  declination  5ft 
5  15  o  p.  w,  S  preceding  the  Star  of  yefterday 

21  45^  of  Time  in  right  Afcenfion, 
more  fouthern  in  Declination  2P 
28  7  18  Vefp.  %  was  diftant  from  the  Edge  of  3> 

19' 50". 

11  44  26  p.m.  The  Moon  covered  the  Star  n  in  b 

Handing  in  a  right  Line  with  Mani¬ 
lius  and  Cenforinus.  The  Emerfion 
could  not  be  feen. 

927  op.  m.  The  Star  %  in  n  below  the  D  ftood  in  a 

Right  Line  with  Fycho  and  Plat 
being  diftant  from  this  to  the  South 

I  I  ’  20n. 

13  38  45  P>  The  Star in  n  was  covered  by  3)  in  a 

right  Line  thro’  Tycho  and  Pofido- 
niusj  which  did  not  emerge  before 
l3h65f  when  3)  fee  behind  a  Houfe, 
VIII.  Part  h  E  e  Apr. 
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Obfervations  on  a  Comet . 

h  /  //  ‘  * 

Apr,  20.  io  50  42  />.  *0.  D  covered  the  third  Satellite,  which 

was  to  the  Weft  of  V-. 

10  56  45  3)  touched  the  Limb  of  V-  ioh  5jr25,f 

was  the  full  immerfion  of  him  in  the 
middle  between  each  Cufp  of  D 
dire&ly  toward  the  Centre.  The 
other  Satellites  were  not  very  difcern- 
able,  becaufe  of  the  Atmofphere, 
and  the  Moon  hid  itfelf  foon  after 
behind  the  Houfes. 

Sept.  24.  8  7  15  p.  m,  D  covered  the  preceding  Star  of  the 

Quadrangle  before  thefouthern  Tail 
of  the  Whale,  which  juft  emerged 
at  the  rifing  of  Cleoftratus . 

9  0  l3  The  fame  emerged  very  near  B erofus, 

Ohfervations  XXXIII.  i.  I  made  feveral  Obfervations  on  the  late  Comet,  during 
upon  the  Comet  the  laft  5  Weeks  of  it’s  Appearance,  which  enabled  me  to  find  out  the 
that  appeared  Elements  of  a  Parabolic  Trajectory,  upon  which  a  Calculus  might  be 

«waMafch '  founded’  thac  would  correspond  with  each  of  my  Obfervations  within 
1737,  made  at  about  i f  of  a  Degree  :.  But  the  firft  of  them  being  taken  many  Days  after 
Oxford,  by  the  Time  of  the  'Perihelion ,  and  the  whole  Series  comprehending  but  a 
I-  very  fmall  Portion  of  the  Trajectory  ;  I  was  fenfible,  that  a  little’  Error, 

Prof' JflrZ'  ^therinthp  Obfervations  themfelves,  or  in  the  Places  of  the  Fixt  Stars 
No.  446.  p.  which  the  Comet  was  compared;  might  occafion  a  confiderable 
1 1 1.  July  fcfr.  Difference  in  the  Situation  and  Magnitude,  of  the  Orbit,  deduced 
1 7 3 7 *  from  them  alone;  and  therefore  I  was  defirous  of  having  fome  earlier 

and  accurate  Obfervations,  in  order  to  determine  thole  Elements  with 
more  Certainty  :  But  I  have  not  yet  been  able  to  procure  them. 

I  firft  faw  the  Com ztFeb.  15th  1737,  between  6  and  7  in  the  Even¬ 
ing,  when  it's  Nucleus  appeared  fmall  and  indiftind,  and  it’s  Tail  (ex¬ 
tending  above  a  Degree  from  the  Body)  pointed  towards  the  Star  in  Lino 
Auftral  Pifcium ,  marked  %  by  Bayer.  Applying  my  Micrometer  to  a 
good  7  boot  Tube,  I  obferved,  that  at  yh  32!  Temp.  .AEquat,  the  Comet 
preceded  the  fa  id  Star  i°  1/40"  in  Right  Afcenfion,  and  was  20'  20" 
more  Southerly  than  the  Star,  Note ,  That  the  equal  Time  is  likewife 
made  ufe  of  in  all  the  following  Obfervations. 

Affuming  the  Place  of  this, Star,  as  it  is  fettled  in  the  Britijh  Catalogue , 
(as  1  fhall  likewife  the  Places  of  others  hereafter  mentioned)  it  follows, 
that  the  Comet’s  Right  Afcenfion  was  22°  £8  pandit’s  Declination 
i°  3 17  55/;>  North. 

.  Nh,  1 7.  7h  33'  the  Comet  followed  a  in  Nodo  ZAn.  Pifcium  31^  25^ 
in  Right  Afcenfion,  and  was  52^  30 more  Northerly.  Hence  the 
Comets  Right  Afcenfion  was  270  28^  20T  and  it’s  Declination 
2°  21'  io"  North. 


Obfervation  s  on  a  Comet,  %  I 

Feb,  18.  fh  14^  a  final  1  Star  (whole  Right  Afcenfion  was  afterwards 
found  to  be  290  or  g,!  and  Declination  20  5s7  30^  North)  preceded  the 
Comet  24^  in  Right  Afcenfion,  and  was  ig1  go!l  more  Northerly. 

Hence  the  Comet’s  Right  Afcenfion  was  29°  24^  g!!,  and  it’s  De¬ 
clination  20  34;  North. 

Feb.  21.  7h  2gf  the  Comet  preceded  v  Cetis0  in  Right  Afcenfion, 
and  was  38 r  20 1 1  more  Southerly.  Hence  it’s  Right  Afcenfion  was 
340  25J  io!!,  and  it’s  Declination  30  47*  2q!!  North. 

Feb .  22.  7h  45 ^  the  Comet  followed  v  Ceil  go1  gfl  in  Right  Afcenfion, 
and  was  18^  45^  more  Southerly.  Hence  the  Comet’s  Right  Afcenfion 
was  36°  if  igff9  and  it’s  Declination  40  61  gg!l  North, 

Feb.  25.  7h  45I  a  fmall  Star  (whofe  Right  Afcenfion  was  afterwards 
found  to  be  40°  34*,  and  Declination  g°  gf  30^  North)  followed  the 
Comet  21  30^  in  Right  Afcenfion,  and  was  21  go,r  more  Northerly 
than  the  Comet.  Hence  the  Comet’s  Right  Afcenfion  was  40°  31' 30* 
and  it’s  Declination  g°  3  L  North. 

The  Difference  of  Right  Afcenfion  and  Declination  between  this  Star 
and  the  Comet  was  taken  with  a  1 5  Foot  Telefcope  ;  but  the  Place  of 
the  Star  was  determined  by  one  Obfervation  made  with  the  yFoot  Tube. 

Feb.  27  8h  45;  the  Comet  preceded  a  fmall  Star  i°  i6!  in  Right 
Afcenfion,  and  was  21  igtf  more  Southerly.  The  Right  Afcenfion  of 
this  Star  was  afterwards  (by  a  fmgle  Obfervation)  found  to  be 
44q  3 yf  40^5  and  it’s  Declination  g°  38 f  30^  North.  Hence  the 
Comet’s  Right  Afcenfion  was  43 q  211  40^,  and  it’s  Declination 
5°  36 '  i'gft  North. 

March  4*  8h  a  fmall  Star  (whofe  Right  Afcenfion  was  found  to  be 
49q  30*  SOJf9  and  it5s  Declination  6°  38^  30^  North)  preceded  the 
Comet  yf  $off  in  Right  Afcenfion,  and  was  icP  more  Southerly.  Hence 
the  Right  Afcenfion  of  the  Comet  was  49°  38  C  and  it’s  Declination 

6°  48  f  go,r. 

March  12.  8h  2gf  the  Comet  preceded  (x  Taiiri  i°  gf  go n  in  Right 
Afcenfion,  and  was  4#  2 gff  more  Northerly  than  the  Star.  Hence  the 
Comet’s  Right  Afcenfion  was  58°  i2f  40^,  and  it’s  Declination 
8°  1 6'  gorr  North. 

March  14.  9h  the  Comet  followed  the  47^  Star  of  Taurus  intheWmfti 
Catalogue  12 ?  golf  in  Right  Afcenfion,  and  was  1  g,f  more  Northerly 
than  the  Star.  Hence  the  Comet’s  Right  Afcenfion  was  6o°  8f  gfr* 
and  it’s  Declination  89  34'  gfl  North.  This,  and  all  the  following 
Obfervations,  were  made  with  a  good  15  Foot  Telefcope,  the  Comet 
now  appearing  too  faint  to  be  well  obferved  with  the  7  Foot  Tube. 

March  ij.  8h  40^  the  Comet  followed  v  Tauri  2 gr  g,f  in  Right 
Afcenfion,  and  was  9^40^  more  Northerly.  Hence  it’s  Right  Afcen¬ 
fion,  was  6 20  47'  55^,  and  it’s  Declination  8°  58 ;  45^  North. 

March  19.  yh  gor  the  Comet  followed  the  fame  Star  2 Q  4'  gon  in 
Right  Afcenfion,  being  23'  gg,!  more  Northerly.  Hence  it’s  Right 
Afcenfion  was  64 9  2 yf  40^*  and  Declination  90  1 3  ^  North. 

E  e  2  The 


Obfervations  on  a  Comet . 

The  fame  Night,  at  f  the  Comet  preceded  d  Tauri  47^  40^  in 
Right  Afcenfion,  and  was  221  5o7/  more  Southerly.  Hence  it’s  Right 
Afcenfton  was  64°  30'  20 and  Declination  9  9  12^  35^  North. 

March  20.  8h  5'  the  Comet  preceeded  d  30^  in  Right  Afcen- 
lion  was  16 1  35^  more  Southerly  than  the  Star.  Hence  it’s  Right 
Afcenfion  was  65°  17^  30^,  and  Declination  90  18'  50^  North. 

March  22.  8h  15^  the  Comet  followed  the  fame  Star  i9  36'  10 11  in 
Right  Afcenfion,  and  was  f  5011  more  Southerly.  Hence  it’s  Right 
Afcenfion  was  66p  54'  10^,  and  Declination  9°  3D  35^  North. 

This  was  the  lad  Night  that  I  faw  the  Comet  ;  for  the  Moon  being 
then  in  her  Increafe,  entirely  obflru&ed  it’s  further  Appearance.  The 
Light  of  the  Comet  was  indeed  (even  in  the  Moon’s  Abfence)  fo 
very  weak,  that  I  found  it  difficult,  in  fome  of  the  latter  Obferva- 
tions,  to  take  it’s  Place  with  any  tolerable  Certainty  ;  which  is,  in  part, 
the  Caufe  of  fome  little  Difagreement  obfervable  in  the  Comet’s  Places 
taken  from  the  fame  Stars  on  different  Nights  ;  though  there  are  like- 
wife  other  Irregularities  that  occur  in  this  Series  of  Obfervations,  which 
leem  to  arife  from  fmall  Errors  in  the  affumed  Places  of  the  Fixt  Stars. 

Suppofing  the  Trajectory  defcribed  by  this  Comet  to  be  nearly 
Parabolical ,  conformable  to  what  Sir  I.  Newton  has  delivered*. 
I  collect  from  the  foregoing  Obfervations,  that  the  Motion  of 
this  Comet  in  it’s  own  Orbit  was  direff,  and  that  it  was  in 
it’s  Perihelion ,  Jan.  19.  8h  20^  Temp.  JEquat .  Lond.  That  the  In¬ 
clination  of  the  Plane  of  the  Trajectory  to  the  Ecliptick  was  18°  20' 
45tr.  The  Place  of  the  Defcending  Node  160  22k  The  Place  of 
the  Perihelion  ^  25°  55  k  The  Diftance  of  the  Perihelion  from  the 
Defcending  Node  8oQ  27  k  The  Logarithm  of  the  Perihelion  Dijlance 
from  the  Sun  9.347960.  The  Logarithm  of  the  Diurnal  Motion 
0.938188. 

From  thefe  Elements  (by  the  Help  of  Dr  Halley’s  general  Table  For 
Comets,  to  which  they  are  adapted)  I  computed  the  Places  in  the  fol¬ 
lowing  Table;  which  alfo  contains  the  Longitudes  and  Latitudes  of 
the  Comet,  calculated  from  the  obferved  Right  Afcenfions  and  Decli¬ 
nations  above-mentioned,  together  with  the  Differences  between  the 
obferved  and  computed  Places. 


I  Qxon* 

*  j 


*  Princip.  Math.  Lib.  iii. 
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From  the  (mail  Differences  between  the  Comet’s  obferved  and  com¬ 
puted  Places,  exhibited  in  the  two  Iaft  Columns  of  this  Table,  we 
may  reafonably  conclude,  that  the  Orbit,  as  above  determined,  can¬ 
not  differ  much  from  the  Truth,  and  muff  therefore  be  near  enough 
to  enable  future  Aflronomers  to  diftinguifh  this  Comet  upon  another 
Return,  and  thereby  td  fettle  it’s  Period ;  which  I  cannot  at  prefent 
pretend  to  do,  not  having  met  with  an  Account  of  any  former  Comet 
that  feems  likely  to  have  been  the  fame  with  this,  whereof  a  Dtfcrip- 
tion  has  been  given  particular  enough  to  determine  this  Point. 

2.  Feb .  16.  about  yh  p .  m.  the  Comet  Aril  appeared  to  us  in  the 
weftern  Part  of  the  Heavens,  8°  or  $Q  lower  than  Venus  ;  and  de-  R* 
dining  a  little  from  her  vertical  Circle  toward  the  South.  With  the  Abbot  Didacus 
naked  Eye  we  faw  only  a  whitiAi  Line,  Aiming  with  a  doubtful  de  Revillas, 
Light.  But  with  an  excellent  Telefcope  of  6  Feet,  befides  the  Tail,  f  lDld* 
which  was  extended  into  the  Part  turned  from  the  Sun,  and  appeared  p' 
like  a  Line  without  the  Telefcope,  we  faw  the  Nucleus ,  though  co¬ 
vered  on  all  Sides  with  a  thin  Atmofphere,  As  no  Quadrant  was 
Hand,  and  not  only ‘a  Cloud  intercepted  the  View  of  the  neared: 
fixed  Star,  but  the  Twilight  allb  concealed  them,  the  apparent  Place 
of  the  Comet  could  not  be  determined  that  Night. 

From  the  16th  to  the  19th,  and  alfo  after  the  25th  there  were 

many  other  Obfiru&ions,  which  hindred  us  from  obfcrving.  But 

;  •  .  ‘  in 
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Obfervatms  on  a  Cornet , 

it]  the  Nights  between  the  19th  and  26th,  we  could  not  accurately 
determine  "he  apparent  Place  of  the  Comet,  any  other  wife  than  by 
comparing  it’s  Phenomenon  with  Venus,  becaufe  we  uied  only  a  lmali 
Quadrant,  of  which  the  Optical  Tube  was.  fcarce  equal  to  an  Eng- 
jjfh  Foot.  Therefore  from  the  vertical  Altitudes  both  of  the  Comet 
and  of  Venus ,  obferved  at  the  fame  Time,  we  collected  the  vertical 
Differences  of  both,  as  follows. 

D  iy  p.  m.  Vert .  cliff . 

h  I  o  f 

20  7  59  5  22 

22  7  00  3  56 

23  .7  20  3  13 

24  6  15  2  30 

25  7  3°  1  47 

24  8  03  Venus  and  the  Comet  appeared  under  an  Angle  of  70  35' 

25  7  50  They  appeared  under  an  Angle  of  —  — ’  8  05 


The  Tail  of  the  Comet  on  the  2 2d,  paffing 
over  the  vertical  Thread  of  the  Micrometer,  im¬ 
pended  11  jff.  The  Micrometer  was  fitted  to 
the  abovementioned  Telefcope. 


«— 0/  Philadel¬ 
phia  in  Pen- 
ivl vania,  by 
j)r  Kearfly, 
Ibid ,  p.  1 19. 


3.  January  27,  about  Six  in  the  Evening*  I  faw  a  dull  Star  about 
3  or  4  Degrees  above  Mercury ,  and  a  little  to  the  Southward  of  a 
Vertical  paffing  through  but  took  little  Notice  of.it  then,  not 
thinking  of  a  Comet  *  but  by  comparing  $  s  Place  with  the  Fixt 

Stars,  I  afterwards  thought  it  might  be  a  Comet. - On  the  31ft, 

about  6h  ao'  p.  m.  I  took  it’s  Diftance  from  Venus ,  by  a  Reflecting 
Inftrument  of  Mr  Hadley's  Make,  140  40',  but  by  a  Foreftaff,  _  140 
rQf  and  a  Right  Line  paffedover  the  Comet,  Venus,  and  the  Pleiades . 
The  Night  following,  about  6h  2<P  it’s  Diftance  from  Venus  .was, 
by  Mr  Hadley9 s  Inftrument,  13*  25'.  The  reft  of  my  Obfervations, 
by  fuch  Inftruments  as  I  had,  being  none  of  the  beft,  and  the  Comet  s 
growing  very  dull,  are  as  follow  : 

■ 


Feb.  7. 


k  /  p.  m. 

6  47  Comet  from  Venus  7®  40 f 

7  3 - from  Aldebarcm  59°  40*. 

— « - -ffrom  Algeneb  17?  45*  by  a 

Foreftaff. 

A  Right  Line  From  the  Comet  over 
Venus  paffed  over  the  bright  Star 
in  the  Side  of  Perfeus. 

7  14  Comet  from  Venus  j°  T2f. 

7  20  A  Right  Line  over  the  Comet, 
Venus ,  and  Head  of  Caffiopeia . 

7  20  The  Comet  was  in  a  Right  Line, 
and  to  the  Northward  of  two 
Stars  3  Diftance  of  the  Stars  I 

fuppofed 
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h  / 


Febr .  20, 


21.  about 


30  7 
30  8 


fuppofed  to  be  about  40 ^  and 
the  Comet  from  the  lead  30 L 
Thefe  Stars,  I  think,  were  the 
South  Node  of  Pifces,  brighted 
from  Venus  io°  201  from  Aide- 
bar  an  50  0  30^  as  I  found  it  fet 
down,  but  mud  be  very  falfe. 

No  Star  within  Sight  of  the  Comet 
by  the  Telefcope. 

Comet  from  Aldebaran  340  from 
Lucida  Cap .  19X 

Wanted  about  a  Degree  of  Oculus 

Ceti. - *  Which  was  the  lad 

Sight  I  had  of  it. 


Zl5 


4.  The  Comet  was  fird  perceived  about  Jan .  26,  but  mud,  by  it’s 
Plainnefs  then,  have  been  vidble  for  fome  Time  before.  It  was  in 
the  Wed  fird  of  ally  fome  Degrees  below  and  directly  under  Venus  : 
Every  Night  it  appeared  nearer  to  that  Star,  but  inclined  Northerly. 
In  about  a  Fortnight,  it  was  parallel  to  it,  and  in  a  Week  after,  was 
no  more  to  be  feen.  : 

#  5*  Ftb.  9.  for  7  Days  lad  pad,  about  Vefp.  there  hath  appeared  a 
dim  Comet,  as  we  took  it  to  be  :  It  is  feen  in  the  Wed,  under 
Venus  towards  the  S.  W.  It  looks  through  a  Tube  of  10  or  1 1  Feet 
long,  like  a  dim  or  pale  Planet;  it’s  Tail  tends  upwards. 

:  6.  Jan.  29.  1 736-7,  at  6h  49^,  p.  m.  we  faw  a  Comet  with  a  long 
bruib  Tail,  at  which  Time  it’s  Altitude  was  found  50  15',  it’s  Didance 
from  Venus  180  5^ ;  and  Venus9 s  Altitude  wasobferved  20°  40b  It  bore 
due  Wed. 


■  i _ 1 


The  Perihelion  was  in  - —  — 
The  defcending  Node  in  >  — 
The  Perihelion  from  the  Node 


25 


5  11 
25  18 

69  53 
June 


d 

9 


h 

9 

4 


7 


59 

57 


The  Comet  was  in  the  Perihelion  *— <  — 

in  the  defc.  Node  July  18 

The  Perihelion  of  the  Comet’s  Orbit  was  within  the  Sphere  of 
the  Orbit  of  Veuns ,  and  without  that  of  the  Orbit  ox  Mercury  *,  being 
didant  from  the  Sun  0,69614  Parts  of  the  Earth’s  mean  Didance  from 
the  Sun. 

The  Plane  of  the  Orbit  flood  inclined  to  the  Plane  of  the  Ecliptic 
in  an  Angle  of  53°  2 5;. 

The  Diurnal  mean  Motion,  according  as  it  is  interpreted  by  Dr  Halley 
in  his  Elements  of  Cometical  Adronomy,  was  iQ  35707. 

2  -  XXXv\ 


Comet  of 
1 7 3 9»  obftrW' 

fid  by  Spicior 
Euftachio  Za- 
notti  at  Bo¬ 
logna.  No. 
461 .  p.  809, 
Aug.  isc. 
1741; 


2  l6 

Obfervcttions 
oft  a  Comet, 
hy  F.  Frantz, 
a  y efuit  at 

Autiria,  Feb. 
i  ^43.  No. 

47°-  P  45.7* 
Read  April 

21,  1743* 


Some  Conjec¬ 
tures  concern - 
ing  the  Pofi- 
iion  of  the  Co- 
lure  in  the  an¬ 
cient  Sphere  : 
hy  the  Rev. 
Ebenezer  La¬ 
tham,  M.  D. 
No.  466.  p. 
221.  Nov. 
1742. 

Fig.  84. 
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XXXV. 
'Sty l  Nov. 


Feb.  ix.  Vefp.  The  Comet  in  a  right  Line  with{  °/ 


12. 

*3- 

14. 

1.5* 
1 8. 

2  r. 


Ur  fa 

8c  $  Major 

5  y  of  Urfa  Major  <k  x  of  Draco, 

—  —  ~~c  $  &  %  of  Urfa  Major. 

r  in  a  right  Line  with  x  of  Urfa  Major  &  a  of  Draco, 

C  in  a  rectangular  Triangle  with  A  8c  o  of  Urfa  Major. 

.  n  .  ‘ix*  •  L  Ja  of  Leo  Sc  v  of  Urfa  Major, 

almoft  m  a  right  Line  with  ^  of  Leo  &  p  0f  Virgo. 

c  almoft  in  a  right  Line  with  (3  of  Leo  8c  (3  of  Virgo 
i  in  a  re£t.  Triangle  with  v  8c  %  of  Urfa  Major. 

. —  almoft  in  a  right  Line  with  (3  of  Leo  &  (3  of 
Virgo  ;  at  whichTime  the  Comet  &|3  of  Virgo 
were  almoft  equally  diftant  from  p  of  Leo. 
—  In  the  Tail  of  Leo  near  a  little  Star  of  the  6th 
Magnitude,  which  conftitutes  f  f  8c  (3  of  Leo,  (3  of 
almoft  a  right  Line  with!  Leo,  8c & of Virgo. 

On  the  other  Days  it  could  not  be  obferved  with  any  Telefcope, 
therefore  the  Comet  was  laft  feen  at  Vienna,  near  the  abovementioned 
Star,  of  which  the  Long.  130  16^  28^  PK  and  N.  Lat.  iyQ  gof 
the  Comet  declined  from  this  Star  Feb .  21,  8h  8^  22lf  towards  the 
N.  28'  i6;'  moreto  the  W.  1?  15'  12". 

XXXVI.  I  fend  you  a  Draught  of  the  Conftellation  Aries 9  as  it 
was  exadly  copied  by  Dr  White*  from  a  Book  in  the  fine  Library  of 
Samuel  Saunders ,  Efq;  R  R.  S.  I  do  not  know  whether  it  may  not 
be  efteemed  of  fome  Moment  towards  the  determining  the  famous 
Controverfy  with  refped:  to  Sir  1 .  Newto'n's  Chronology.  Dr  Halley 
obferves*,  c  That  the  Difpute  is  chiefly,  Over  what  Part  of  the 
‘  Back  of  Aries  the  Colure  pafifed.  Sir  I.  Newton  takes  it  to  be  over 
c  the  Middle  of  the  Conftellation  ;  P .  Souciet  will  have  it,  that  it 
c  paffed  over  the  Middle  of  the  Dodecatemorion  of  Aries ,  which  by 
e  Confequence  Would  make  it  pafs  about  Mid-way  between  the  Rump 
‘  and  flrft  of  the  Tail ;  ”  which  Situation  could  never  be  faid  to  be  over 
the  Back  :  Whereas,  if  the  Ring  in  this  Cut  was  deflgned,  as  I  appre¬ 
hend,  to  image  the  Colure  in  the  antient  Sphere ,  it  exa£tly  anfwers 
Hipparchus's  Defcription —  h  £1  ry  ir^w  JtoAypw  (prn u  xFSca  r#  xgix  rd  voortz 
xccrtx,  Ttxdr^.  and  juftifies  the  Conftruclion  Sir  Ifaac  put  on  thofe 
Words  beyond  Exception.  The  Sculptures  from  whence  this  was 
taken,  have  the  Title  of  Arataa^  five  Signa  Cceleftia^  in  quibus  Aftro- 
nomica  Speculationes  Veterum  ad  Archetypa  vetuftijfimi  Arat  a  orum  C  ref  aris 
Germanici  Codicis  (44)  ob  oculos  ponuntur  a  Jacobo  de  Geyn  ex  Biblioth. 
Acad.  Lugd.  Bat.  Amftel.  1652.^ 

*  Vol.  VII.  Part  TV.  §  I.  2.  ' 

4  Hug.  Grotii  Batavi  Syntagma  Arateorum  :  ex  ojfic.  Rlantin.  4 to.  S«C  Germanicus' s 
Interpretation,  p.  35,  the  Figure  of  the  Condellation  Aries. 

I  will 
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I  will  beg  Leave  to  obferve  farther,  that  as  this  Catalogue  begins 
with  the  Draco ,  which  the  Ancients  feem  to  place  at  the  Head  of 
their  Conftellations  ;  perhaps  it  may  give  fome  Light  into  the  Time 
of  the  Book  of  Job,  as  well  as  into  the  Senfe  of  that  Place.  For 
when  he  fays,  By  his  Spirit  he  has  garnifhed  the  Heavens  •,  his  Hand 
has  formed  the  crooked  Serpent  \  I  fubmit  it  to  the  Judgment  of  the 
Critics,  whether  it  is  not  highly  probable  the  Writer  mull:  have  lived 
within  that  Period  of  Time  wherein  a  Star  of  that  Conftellation 
might  pals  for  the  Polar  Star  :  And  then,  if  the  Afterifms  are  fup- 
pofed  to  be  placed  in  fome  fuch  Order  as  here,  the  exprefs  Mention 
that  he  only  makes  of  this  was  fufficient  to  refer  us  to  the  whole 
Syttem  or  Furniture  of  the  Heavens. 

XXXVII.  i.  As  we  now  have  the  Globes  of  the  Heavens,  they  are 
only  formed  for  the  prefent  Age,  and  do  not  ferve  the  Purpofes  of 
Chronology  and  Hiftory,  as  they  might,  if  the  Poles,  whereon  they 
turn,  were  contrived  to  move  in  a  Circle  round  thofe  of  the  Ecliptic, 
according  to  the  prefent  Obliquity  of  this.  By  this  Means  we  might 
have  a  View  of  the  Heavens  fuited  to  every  Period,  and  that  would 
anfwer  the  ancient  Defcriptions,  thofe  of  Eudoxus ,  for  Inftance,  who 
is  fuppofed  to  borrow  his  from  the  moft  early  Obfervations  *,  and  of 
Hipparchus ,  &c.  Nor  could  any  Contrivance  better  enable  the  lowed 
Reader  to  judge  of  the  Merits  of  the  Controverfy  about  the  Argonautic 
Expedition,  as  far  as  it  depends  on  this :  For  it  will  verify  to  the  Sight 
the  Path  of  the  Colures,  &c.  at  any  Time. 

2.  The  Poles  of  the  Diurnal  Motion  do  not  enter  into  the  Globe, 
but  are  affixed  at  one  End,  to  two  Shoulders  or  Arms  of  Brafs,  at  the 
Diftance  of  23°  i  from  the  Poles  of  the  Ecliptic.  Thefe  Shoulders 
at  the  other  End  are  ftrongly  fattened  on  to  an  Iron  Axis,  which 
pafieth  through  the  Poles  of  the  Ecliptic,  and  is  made  to  move  round, 
but  with  a  very  ftiff  Motion  *,  fo  that  when  it  is  adjufted  to  any  Point 
of  the  Ecliptic,  which  you  defire  the  Equator  may  interfedt,  the  Diur¬ 
nal  Motion  of  the  Globe  on  it’s  Axis  will  not  be  able  to  difturb  it. 

When  it  is  to  be  adjufted  for  any  Time,  paft  or  to  come,  bring 
one  of  the  brafen  Shoulders  under  the  Meridian,  and  holding  it  faft 
to  the  Meridian  with  one  Hand,  turn  the  Globe  fo  about  with  the 
other,  that  the  Point  of  the  Ecliptic,  which  you  would  have  the  Equator 
to  interfedf,  may  pafs  under  o  Degrees  of  the  brafen  Meridian  : 
Then  holding  a  Pencil  perpendicular  to  that  Point,  and  turning  the 
Globe  about,  it  will  deferibe  the  Equator  as  it  was  pofitedat  that  Time  ; 
and  transferring  the  Pencil  to  230  f,  and  66°  h  on  the  brafen  Me¬ 
ridian,  the  Tropics  and  Polar  Circles  will  be  defcribed  for  the  fame 
Time. 

By  this  Contrivance,  the  Celeftial  Globe  may  be  fo  adjufted  as 
to  exhibit  not  only  the  Rifings  and  Settings  of  the  Stars,  in  all  Ages, 
and  in  all  Latitudes,  but  the  other  Phenomena  like  wife,  that  depend 
upon  the  Motion  of  the  Diurnal  Axis  round  the  Annual  Axis. 

VOL.  V ill.  Parti.  Ff  aaaa 
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Chap  xXvi, 
*3* 


A  Propofal  ts 
make  the 
Poles  of  a 
Globe  of  the 
Heavens 
move  in  a 
Circle  round 
the  Poles  of 
the  Ecliptic  ; 
hy  the  fame . 

No.  447.  P* 
201.  April 
!738- 


A  Contrivance 
to  make  the 
Poles  of  the 
Diurnal  Mo¬ 
tion  in  a  Ce- 
lefcial  Globe 
pafs  round  the 
Poles  of  the 
Ecliptic.  In¬ 
vented  hy 
John  Senex, 
F.  R.  S. 

Ibid.  p.  203. 
May  1738, 


cfbe  true  Deli¬ 
neation  of  the 
Afterifms  in 
the  ancient 
Sphere  By  the 
j^.Ebenezar 
Latham,  M;D. 
No.  460.  p. 
730.  April 
&c.  1741. 
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Fig.  85.  a  a  a.  A  Section  of  the  Celeftial  Globe. 

EE.  A  ftrong  Iron  Axis,  palling  through  the  Poles  of  the  Ecliptic. 
h  c.  Two  ftrong  Arms  of  Brafs,  fcrewed  on  to  the  Ends  of  the  Iron 
Axis,  at  d. 

P  P.  The  Axis  or  Poles  of  the  Diurnal  Motion,  (by  which  the  Globe 
is  hung  in  the  brafen  Meridian)  rivetted  on  to  the  other  Ends 
of  the^rafs  Arms,  and  which  may  be  carried  round  the  Poles 
of  the  Ecliptic,  by  the  Iron  Axis,  but  with  fo  ft  iff  a  Motion, 
as  not  to  difturb  the  Diurnal  Flotation  on  the  Poles  P  P. 
XXXVIII.  I  never  heard  of  Mr  Senex's  Invention,  till  I  faw  the 
Tranfadtion  N°  447  *,  and  am  pleafed  with  the  Opportunity  I  had 
of  producing  it  to  the  World.  It  is  many  Years  fince  I  firft  thought 
of  this  Method,  and  have  often  fuggefted  it  to  iome  Students.  The 
Difpute  that  arofe  about  Sir  Ifaac  Newton's  Chronological  Index, 
communicated  by  Abbe  Conti ,  confirmed  my  Opinion  of  the  Ad¬ 
vantage  that  would  attend  it  j  efpecially  the  Admonition  Dr  Halley 
gave  Father  Souciet. ,  («  to  inform  himfelf  in  the  Sphariques ,  fo  as  to  give 

4  lls  the  right  Afcenfion  of  the  Stars  truly  from  their  given  Latitude 

5  and  Longitude’)  made  me  yet  more  fenfible  how  necelfary  fome- 
thino-  of  this  kind  was,  to  let  common  Readers  into  the  Merits  of 
the  "Controverfy.  But  it  was  perfectly  accidental,  that  I  ever  pre¬ 
fumed  to  mention  this  Alteration  in  the  Conftruclion  of  the  Globes, 
which  I  had  fo  often  wifhed  might  obtain  for  the  Ufe  of  feveral 
Sciences.  You  will  receive,  with  this,  one  Scheme,  among  feveral, 
which  I  have  projected,  that  is  neareft  Mr  Senex's,  and  leaft  defaces 
the  Globe. 

Fig.  86.  A  Vertical  Sedtion  of  the  Globe. 

F.  P.  The  Poles  of  the  diurnal  Motion . 

A.  cPhe  Axle  of  the  Globe ,  which  terminates  in  the  Poles  of  the 
Ecliptic ,  and  receives  the  other  End  of  the  Brafs  Arms  upon 
each  of  it's  Pivots . 

JE.  A  brafs  Equator  fixed  to  the  brafen  Meridian . 

K.  K.  A  Key ,  which,  on  Occafion ,  being  put  through  a  Hole  in  the 
Brafen  Meridian ,  is  juft  over  the  Place  where  the  Poles  of 
the  Ecliptic  pafs,  by  means  of  afquare  Hole  in  the  Head  of  a 
Screw ,  ferves  to  fix  that  End  of  the  Brafs  Arm ,  or  give  it 
Liberty  to  move  with  Eafe  :  And  the  Key ,  being  left  in  when 
the  Screw  is  flackened ,  will  hinder ,  the  Globe  from  moving  on 
the  Poles  of  it's  diurnal  Motion ,  till  you  have  adjufted  it  to 
your  Mind ,  ftraitened  the  Screw  again ,  and  taken  out  the 
Keys  •,  as  may  be fieen  more  plainly  in. 

Fig.  87.  Fig.  87.  Which  is  nothing  but  the  Windlafs  Part,  or  the  Arm,  Pole, 

and  Part  of  the  ftrong  Axis  of  the-  Globe,  with  the  Screw 
and  Key  more  at  large,  and  feparate  from  one  another  for 
the  more  diftindt  View. 


Fig.  86. 


*  See  Sed.  XXXVII.  2. 


If 
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If  I  may  take  the  Liberty  to  add  any  thing  farther  on  this  Head, 
next  to  the  accurate  Obfervation  of  the  Britijh  Catalogue  in  placing  the 
Stars  themfelves,  it  fhould  be  the  Revival  of  the  ancient  Figures  and 
Colours ,  as  far  as  we  can  recover  them.  It  is  certain  the  Invention  was 
very  ancient,  if  we  fuppofe  the  Defcriptions  Eudoxus  has  given  us, 
taken  from  Obfervations  long  before  his  Time,  when  the  Solftitial 
Colure  palled  through  the  Middle  of  the  Great  Bear ,.  and  the  Crab , 
through  the  Neck  of  Hydra ,  and  cut  the  Ship  between  the  Poop  and 

the  Mad,  &c. - -Now  I  have  mentioned  the  Ship ,  you  will  indulge  a 

Conjecture,  that  the  Situation  of  this  [juft  on  the  Horizon  (where  they 
imagined  the  Sea)  in  an  ereCt  failing  Pofture  for  fome  Eaftern  Expe¬ 
dition,  and  terminating  their  fartheft  View  to  the  South,]  may  both 
give  fome  Light  into  their  Latitude ,  that  impofed  this  Name,  and 
(from  that,  which  mu  ft  have  been  the  Place  of  the  Poletoanfwer  this 
Form)  the  JEra  of  Time ,  wherein  it  was  done ;  for,  in  the  prefent 
Difpofition,  the  Inhabitants  of  Greece  could  not  have  a  proper  View  of 
that  Conftellation,  or  be  led  to  form  it  in  the  Manner  the  Ancients  have 
done.  I  lhall  not  here  urge  all  the  Difficulties  in  the  old  Defcriptions, 
that  might  have  a  Solution  from  this  Method  ;  but  if  an  Alteration  could 
be  made  either  in  the  Colour  or  Attitude  of  the  Figures  to  anfwer  them 
better,  it  would  add  to  the  PJeafure  of  reading  fome  Authors,  and$ 
together  with  that  new  Conftru&ion,  might  afford  us  fuch  a  View  of  the 
Heavens,  as  Mr  Addifon  had  of  Italy ,  when  he  made  the  Tour  of  it 
with  the  Claffics  in  his  Hands  :  And,  fince  I  have  brought  thofe  Writings 
into  the  Account,  you  will  allow  me  to  cite  fome  Paffages,  which 
might  receive  both  Truth  and  Beauty  from  fuch  an  Improvement  2  Where 
Homer  fays, 

«S'*  *T rSy  TO  7£  cMvOZ  ’SlplUWfj 

5/Agxrov  ff,  rv  x)  alpoifav  ez?ix.\y<riv  xooK w<riv9 
‘'Hr  cFtx  K,  t  JWeub, 

O «j  oc^p.0^0;  iri  kotrpoo v  uKexwto, 

'Ikwct,  2»  487* 

The  Pleiads,  Hyads>  with  the  Northern  Team, 

And  great  Orion's  more  refulgent  Beam  *, 

To  which  around  the  Axle  of  the  £ky. 

The  Bear  revolving  points  his  golden  Eye, 

Still  fhines  exalted  on  th*  ethereal'  Plain, 

Nor  bathes  his  blazing  Forehead  in  the  Main, 

Mr  Pope, 

Mr  Pope ,  amidft  a  fmall  Miftake  of  the  Sex >  keeps  only  the  Fore» 
head  above  Water ,  but  the  Poet  feems  to  exempt  her  entirely  5  and  fo 

F  f  2  does 
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does  Virgil ,  when  he  makes  Fear  account  for  the  fame  Phenomenon* 
that  Ovid  {who  prefer  ves  all  the  Fable  ol  the  Ancients)  afcribes  to 

Force . 

Maximus  hic  Flexu  Jinuofo  dabitur  Anguis 
Circum ,  per  que  duas  in  morem  fluminis  Ardos  : 

Ardos  Oceani  metuentes  AFquore  tingi . 

Virgil.  Georg.  Lib.  I.  244. 

Around  our  Pole  the  fpiry  Dragon  glides. 

And  like  a  winding  Stream  the  Bears  divides. 

The  Lefs,  and  Greater,  who  by  Fate’s  Decree 
Abhor  to  dive  beneath  the*  Southern  Sea. 

Dryden. 

*  X/  '  "*  ’  .*  •  .  ■  A 

JSfuper  honoratas  flammo  mea  Vulnera  Coelo 
Videritis  Stellas  illic ,  ubi  Circulus  Axem 
Ultimus  extremum  Spalioque  breviffmus  ambit. 

Ovid.  Met.  Lib.  II.  515. 


. —  —  — ■  —  New  Stars  you’ll  fee. 

In  this  approaching  Night’s  Obfcurity, 
With  hateful  Beams  i’th’  Ardic  Circle  fhine. 


He  immediately  adds, 


At  vos  fi  loeflre  contemptus  tangit  Alumn<e-> 

-f  Gurgite  coeruleo  fleptem  prohibete  Triones : 
Sideraque  in  Ccelo  ftupri  mercede  recepta 
Pellite ,  ne  puro  tingatur  in  AEquore  Pellex . 


Ne’er  let  thole  fpurious  Stars  approach  the  Deep,  1 

Nor  in  the  purging  Ocean’s  Bofom  deep,  '  r 

But  their  eternal  Stain,  their  whorilh  Tincture  keep.  3 

And  when  he  deferibes  them  as  a  Team,  it  is  with  the  fame  Referve. 


Tum  primum  Radiis  gelidi  caluere  Triones , 
Et  vetito  flruftra  tentdrunt  AEquore  tingi. 

4 

Then  the  Sev’n  Stars  firft  felt  Apollo's  Ray, 
And  wilhed  to  dip  in  the  forbidden  Sea. 


*  Northern.  f  In  the  Ordeal  by  Water  it  was  adjured,  not  to  receive  the 


Guilty,  in  Terms  like  thefe. 


All 
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All  which  is  a  proper  Hint  for  the  Difpofition  of  we  Globe .  that  nuift 
correfpond  to  thefe  Appearances  then,  and  which  can  only  be  obtained 
by  this  Method  :  By  the  Help  of  which  we  .may  alfo  apprehend  the 
Light  thefe  Defcriptions  give  us  into  the  Age  of  the  Writers.  I  may 
illuftrate  this  from  Hefiod* s  Account  of  the  Seafons ,  of  which  we  have 
not  only  a  better  Idea  by  this  artificial  Difpofition  of  the  Globe  to  anfvver 
them,  but  alfo  of  the  fime  wherein  he  lived,  when  we  come  to  adjuft 
the  Heavens  to  the  accurate  InftruCtions  he  gives  us,  according  to 
his  Latitude  at  AJcra ,  allowing  50^  per  Annum  for  the  apparent  Motion 
of  the  Stars. 

Eur  av  o  EfcriKovlix  pzTct  Tporraq  ysAtoio 

ixlitecrv  Z£ uj  rifala^  dri  pa,  tot  aq~np 
*A pxlvp®*  zrgoAiTTOov  ispov  poov  cJ xsavoTo, 
npcoTov  zrccfAtpaivuV}  h riTtXhiloa  dxgoxvsCpai®*. 

‘Ho: i'ol  Bj£a,  €.  182 

When  the  glad  Sun,  approaching  with  his  Rays, 

Has  from  the  Tropic  run  out  Sixty  Days ; 

Arffurus,  rifing  from  his  facred  Bed, 

Is  firfl  difcover’d  in  the  Evening  Shade. 

Eur  ccv  c?  ’nfoov  7^  Tdgi®3  U  pdcrov  eXSy 
Ovgotvov,  ’Apxlxpov  <T  i<rb fa  fofofdxlv A©-3  ’HaV. 

— - -2.2  7. 

But  when  Orion ,  and  the  Dog-Star ,  come 
To  the  Mid- region  of  the  heav’nly  Dome, 

The  Morn,  that  blufhing  draws  away  the  Night* 

Beholds  Arfturus  in  the  dawning  Light. 

If  we  fix  the  Pole  almoft  in  the  Mid-way  between  the  Star  in  the 
Shoulder  of  the  leffer  Bear ,  and  another  of  the  Serpent ,  we  fhall  have 
the  Satisfa&ion  to  obferve  all  thefe  Phenomena  anfwer  the  Defcription, 

I  fhall  not  enter  into  the  Calculation  ;  for  I  would  not  anticipate  the 
Pleafure,  one,  that  hath  no  Notion  of  the  Age  of  Hefiod ,  muft  have, 
when  he  finds  himfelf  able,  with  fo  much  Eafe  and  Precifion,  to  de¬ 
termine  it  by  thefe  Characters 

Hefiody s 

/ 

t 

*  Since  I  wrote  this,  1  had  the  Pleafure  to  find  Scaliger  concur  with  me- - - 

Hejiodus  forehat  do  Sarculo,  quo  Arfturus  d xpovvyJSr  oriebatur  in  Bceotia,  ‘viij  Die  Martii. 

Si  quid  hoc  ad  Conjefturam  facit *  falistn  apud  excellentes  Afrologos ,  qui  ex  hoc  Parapegmate 
infra  feptuagint a  plus  minus  Annos  Srs culum  Defodi  deprehendere  pojfunt .  Animadojerj .  in 
Chron.  Eufebiit  p.  67.  Edit.  Lugd.  Batav.  1606. - 

The  following  PaiTage  in  Sir  Ifaac  Newton  s  Chron.  p.  95.  hath  come  to  my  Hands 
fince  the  former.  ‘  Hefiod  tells  us,  that,  60  Days  after  the  Winter  Solflice,  the  Star 

‘  Arfturus 

-  •* 
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lltjiod's  Account  of  the  Pleiads  is  too  particular  not  to  demand  our 
Attention,  and  require  an  Explanation  in  the  fame  way  f. 


YlXwdJcov  ’Ai Xufsvsuv  IrrtlcXXoi-AcVccocv 

dporoio  <5e  bvcrcroy.svccu v. 

"At  o{]  rot  vyjihxg  n  r^oclcc  T£<rcr ccpdxovloc 

Ksxpvtpdlca,  H <rio£.  ;Epf,  6\  1* 

Begin  the  Harveft,  as  the  Pleiads  rife. 

And  take  the  Plough,  when  they  withdraw  the  Skies  \ 

For  Forty  Days  and  Nights  their  glimm’ring  Light, 

Obfcur’d  to  us,  no  longer  chears  the  Sight. 

To  this  I  might  add  Homer’ s  Image  of  th q  Dog-Star,  but  efpecially 
the  exadl  Defcription  in  Hejiod . 


Anp’  oTVgtvu)  huXfyxicv,  o;  r s  ^dcXiroo 
Aoipzs-pov  TjJoc^odvYitrt  AeA^/aev^  ooKsavorf, 


E\ 


Like  the  red  Star,  that  fries  th’autumnal  Skies, 
When  frefh  he  rears  his  radiant  Orb  to  Sight  \ 
And,  bath’d  in  Ocean,  fhoots  a  keener  Light. 


-  1  ydip  tots  Xsipi®*  dri ip 

Baiov  UTrsp  XEtpccXyg  3ojpi7p£(p£wv  dvSpoozrm 
*E pyj\ou  zjXeTov  J'e  te  vvstj&g  izzoiv pet. 

‘HmS.  ’'Eff.  Bi£a.  ft.  3$. 

*  *  l 

For  then  the  Dog-Star  governs  in  his  Courfe, 

Walks  o’er  the  Heads  of  Men,  who  feel  his  Force, 

Comes  in  the  Day,  but  chiefly  fhares  the  Night. 

How  beautifully  does  the  fame  Writer  exprefs  the  Gefture  of  Orione 
as  he  is  following  the  Pleiads  ? 


*  Arfturus  rofe  juft  at  Sun-fet ;  and  thence  it  follows,  that  Hejiod  flourifhed  about  ioo 

*  Years  after  the  Death  of  Solomon,  or  in  the  Generation  or  Age  next  after  the  Trojan  War, 
‘  as  Hejod himfelf  declares.’ 

’Tis  what  we  may  compute  by  the  prefect  Globe;  for,  bringing  Arfturus  to  the  Eaflern 
Horizon,  the  Sun  we  fhall  find  in  the  Ninth  Degree  of  Aries.  Now  it  enters  Vf  Dec .  1 1, 
and  60  Days  after,  or  Feb.  io.  it  is  in  X  2°  30'  when  allowing  for  the  Northern  Lati¬ 
tude  of  Ardlurus  to  make  it  vifible  on  the  Horizon,  it’s  Longitude  mail  have  been  14°, 
iffc.  whereas  it’s  Place  now  is  about  20°  27'  12”.  And  the  Difference  both  ways  one 
Sign  6°  18  &c.  which  makes  him  to  Lave  lived  2614  Years  ago. 

'f  Hifce  Signis  veteres  Agricolae,  &  ex  eorum  Traditionibus  Scriptores  rei  rujicce ,  nec  non 
&  Medici ,  Pcet(Si  {j  Hijorici  funt  uj  ad  Anni  Temp  ej  at  es  dejgnandas,  &C.  Greg 
Aftron.  p.  130. 

Eut’ 


2 
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Eur  (xv  TtkYiiolfes  Rivos  o&pif&ov  flpiuvcg 
<E>euywai,  msfloMnv  U  wp ozdsot  tvqvJov. 

The  Pleiads ,  flying  from  the  threatening  Scourge 
Of  ftrong  Orion ,  plunge  into  the  Surge. 

Perhaps  this  may  give  fome  Light  to  a  Paffage  of  Virgil ,  that  hath 
very  much  puzzled  his  Commentators. 

Taygete  fimul '  Os  terris  oftendit  honeftum 
Pleias,  £s?  Oceani  fpretos  pede  reppulit  Amnes  : 

Aut  eadem  Sidus  fugiens,  ubi  Pifcis  aquofi 
Triftior  hybernas  Coelo  defcendit  in  Undas . 

Georg.  Lib.  iv.  232. 

Firft,  when  the  pleafmg  Pleiades  appear, 

And  fpringing  upward  fpurn  the  briny  Seas  : 

Again  when  their  affrighted  Choir  furveys 
The  watry  Scorpion  mend  his  Pace  behind,  1 

With  a  black  Train  of  Storms,  and  Winter-wind,  £ 

They  plunge  into  the  Deep,  and  fafe  Prote&ion  find..  3 

Dryden. 

Some,  I  know,  by  this  Sidus  underftand  the  Southern- Fijh,  others 
the  Hydra ,  and  fome  the  Sun  ;  but  how  Mr  Dryden  came  to  infert 
Scorpio ,  I  fhall  not  inquire.  Nor  (hall  I  trouble  you  with  any  Con- 
je&ures  with  regard  to  the  ancient  Figures  :  It  is  certain  there  have 
been  Variations  in  this  refped,  fmce  Ptolemy  mentions  a  Star  in  the 
Horn  of  Aries  \  and  it  is  thought  Hipparchus  reckoned  one,  that  is 
now  in  the  Line,  to  the  firft  Foot  of  Aries  Whether  the  Epithet 
Ovid  gives  Capella,  does  not  imply  fome  little  Difference,,  in  the  Si¬ 
tuation  of  it,  from  ours,  I  leave  to  the  Critics. 

- Et  Olenise  Sidus  pluviale  Capella , 

T aygetenque,  Hyadafque  Oculis ,  Ar&onque  notavi . 

Met.  Lib.  III.  594* 

t  , 

*  Since  I  wrote  this,  I  find  Sir  Ifaac  Newton,  in  this  way,  recover  to  their  former 
Places  the  Stars  below,  by  rectify ing  the  Delineation. 

‘  In  the  extreme  Fluxure  of  Eridanus ,  a  Star  of  the  Fourth  Magnitude,  of  late 

‘  referred  to  the  Bofom  cf  Cetus. 

*  In  the  Head  of  Perfeus ,  a  Star  of  the  Fourth  Magnitude. 

4  In  the  Right  Hand  of  Perfeus,  a  Star  of  the  Fourth  Magnitude. 

*  In  the  Neck  c f  Hydrus,  a  Star  of  the  Fourth  Magnitude. 

*  In  the  Left  Hand  of  Cepheus,  ore  of  the  Fifth  Magnitude. 

All  whole  Characters  he  deligns  from  Bayer. 
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—I  began  to  note 
The  ftormy  Hyades ,  the  rainy  *  Goat, 

The  bright  Eaygite ,  and  the  fhining  Bears, 

With  all  the  Sailors  Catalogue  of  .Stars. 

I  might  infill  on  the  Etymology  of  Arffurus,  and  others  ;  For  it 
appears  from  the  Accounts  the  Ancients  themfelves  give  us,  there 
was  not  always  the  greatefb  Uniformity  in  their  Drawings.  Ovid 
fays  of  Bootes . 

— ■  —  —  —  ~  &  te  iua  Plauftra  tenebant. ' 

Lib.  2,  177. 

Nay,  and  ’tis  faid,  Bootes ,  too,  that  fain 

Thou  would’ft  have  fled,  though  cumber’d  with  thy  Wain. 

Ad  d  ison. 

And  he  lets  us  know,  that  Scorpio  took  up  6o°. 

Eft  Locus ,  in  geminos  ubi  Brachia  concavat  Arcus 
Scorpios  \  &  Cauda ,  flexifque  utrinque  Lacertis , 

Porrigit  in  Spatium  Signorum  Membra  duorum.  - 

- >195- 

V 

There  is  a  Place  above,  where  Scorpio ,  bent 
In  Tail,  and  Arms,  furrounds  a  vaft  Extent  % 

In  a  wide  Circuit  of  the  Heav’ns  he  fhines, 

And  fills  the  Space  of  Two  celeftial  Signs. 

This  might  be  one  Reafon  of  that  Compliment  which  Virgil  paid 
Augustus,  apart  from  the  other,  which  S caliger  afiigns.-— 

Anne  novum  tardis  fidus  te  menfiibus  addas , 

Qua  locus  Erigonem  inter ,  Chelafque  fequentes 
Panditur  ?  ipfe  tibi  jam  Brachia  contrahit  ardens 
Scorpius,  &  Coeli  jufta  plus  parte  reliquit. 

Georg.  Lib.  I.  32. 

Where  in  the  Void  of  Heav’n  a  Space  is  free. 

Betwixt  the  Scorpion ,  and  the  Maid,  for  thee: 

The  Scorpion ,  ready  to  receive  thy  Laws, 

Yield  half  his  Region,  and  contradis  his  Claws. 

5Tis  true,  this  Poet  knew  Libra  very  well  5  but,  perhaps,  it  made 
no  great  Figure  among  the  Afterifims  then. 


*  Elbow’d. 


Libra 
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Libra  die  fomnique  pares  ubi  fecerit  horas, 

Et  medium  Luci,  atque  Umbris  jam  dividit  Orbem. 

But  when  Aftraah  Balance,  hung  on  high, 
Betwixt  the  Nights  and  Days  divides  the  Sky. 


■208. 


Dry  den. 

How  Taurus  was  painted  at  that  Time,  we  learn  from  his  Defcrip- 

UOn’  *  Candidus  auratis  aperit  cum  Cornibus  Annum 
Taurus,  averfo  cedens  Canis  occidit  Ajiro. 

——tin. 


.  \ 


"When  with  his  golden  Horns,  in  full  Career, 

The  Bull  beats  down  the  Barriers  of  the  Year ; 

And  Argos,  and  the  Dog,  forfake  the  Northern  Sphere 

In  the  laft  Verfe  we  have,  perhaps,  no  Occafion  for  Ueinfiush iCor- 
reftion  of  adverfo,  if  we  compare  the  Diction  here  with  Ovid’s. 

Per  tamen  adver/i  gradieris  Cornua  Tauri. 

Met.  Lib.  II.  80. 

The  Bull's  oppofing  Horns  obftrutf:  the  Way. 

The  Inftru&ions  Virgil  gives  in  the  fame  Place,  as  to  Hufbandry, 
are  bed  underftood  from  this  new  Difpofition,  and  may  render  us 
fenfible  how  much  earlier  thefe  Phenomena  were  then  in  the  Tear,  to 

what  they  are  at  prefent  j . 


Ante  tibi  Eo*e  Atlantides  cbfcondcmtuy ,  6cc. 


Georg.  Lib,  I.  22 1 


But  if  your  Care  to  Wheat  alone  extend, 

Let  Mai  a  with  her  Sifters  firft  defcenct. 

And  the  bright  Gnofian  Diadem  downward  bend. 


1 


*  By  reafon  the  Firft  Month  of  the  old  Lum-folar  Year  (on  account  of  the  nuc 
lary  Month)  began  fometimes  a  Fortnight  after  the  Equinox.  Th‘s  "'J*  P^rhaP  ; 
count  better  for  the  Propriety  of  Virgil’ s  Expreffion  Apent  Arnum,  than  any 

7  ^rJZbujus  Ortus  fit  Occafus  negleAa  facet,  nee  *  alii,  ufurpatur 

L  TpoMs,  ii  tempora  per  Circumftantias  tam -varii  Ortus  &  Occafus  tot  Syderum 
juibus  nihil  puhbrius )  defcribere,  is  wluti  pingere /olent,  quamvts  plerumque  erfffeA“W 
TcakndLii  noftri  Diem  per  eju/dem  StelU  Ortum  de  cribunt  nunc  per r  ^JaeM^tf 
mpore  Ceefaris,  cum  tamen  tempora  difirtpent  14  dtebu’  're.  g.  Pa 

VOL.  VIII.  Parti.  Gg  I  know 
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I  know  we  cannot  depend  upon  all  the  Exa&nefs  in  a  Poet,  that 
might  be  expelled  from  an  Aftronomer  :  But  Virgil  feems  to  have 
made  it  his  favourite  Study.  - 

Me  vero  primum  dulces  ante  omnia  Mufe, 

Quarum  facra  fero  ingenti  perculfus  Amore , 

Accipiant  \  Cali  que  Vias ,  Sydera  monftrent. 

-  '  ~  1  1  '  c  Lib.  IL  475. 

Would  you  your  Poet’s  firfl:  Petition  hear, 

Give  me  the  Ways  of  wand’ring  Stars  to  know. 

Ovid  appears  alfo  perfedtly  acquainted  with  the  ancient  Figures,  and 
the  moft  accurate  way  of  delineating  them,  at  the  fame  time  that  he 
enlivens  them  with  their  Fiftions. 

Confiftuntque  Loco ,  Specie  remanente  Corona, 

Qui  medius  nixique  Genu,  anguemque  tenentis. 

Met.  VIII.  18 1. 


. — ■  • — *  —  — •  —  The  Crown  retains 
It’s  proper  Figure,  and  a  Station  gains 
Where  Hercules  in  bending  Pofture  ftands. 

And  drives  to  gripe  the  Dragon  in  his  Hands. 

Vid.  Lib.  XIV.  846, 


How  we  came  by  the  Account,  it  is  not  material  to  inquire  ;  but 
there  is  one  Line ,  wherein  he  feems  to  have  preferved  fome  ancient 
Tradition,  as  to  the  Pole . 

Quaque  Polo  pofita  eft  glaciali  proxima  Serpens / 

Lib.  II.  173. 

The  folded  Serpent  next  the  frozen  Pole. 

And  there  is  Reafon  to  believe  one  of  the  Stars  of  that  Conftella - 
tion  was  the  ancient  Polar  Star ,  and  might  firft  give  Rife  to  the 
Denomination  ;  for  one  in  the  Tail  of  the  Dragon ,  of  the  Third  Mag¬ 
nitude  ,  comes  neareft  it  of  any  other.  About  the  Time  of  the  Flood,. 
it  was  within  10 ^  of  the,  Pole ,  and  might  pafs  for  the  Polar  Star 
a  Thoufand  Years  after  among  thofe  Writers,  from  whom  Ovid  co¬ 
pied  his  Expreflior»  However,  this  is  certain,  that  another  Star  of 
that  Conftellation,  one  of  the  Fourth  Magnitude,  was  really  nearer 
than  any  other,  when  the  old  Obfervations  were  made,  which  literally 
juftifies  Ovid’s  Account.  I  might  take  notice  of  his  exadt  Repre- 
fentation  of  the  Difpofition  of  the  Ara ,  and  Anguis ,  when  he  makes 
them  the  two  Extremes. 


Medio 
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_ _  _  —  —  Medio  tutijfmus  ibis  : 

Neu  te  dexterior  tortum  declinet  in  Anguem , 

Neve  Jinifterior  prejfam  Rota  ducat  ad  Aram . 

'Inter  utrumque  tene 137* 

_  _  _  —  The  middle  Way  is  bed. 

Nor  where  in  radiant  Folds  the  Serpent  twines 
Dired  your  Courfe,  nor  where  the  -Altar  fliincs^ 

Shun  both  Extremes. 

Bat  the  Infpeftion  of  the  Globe,  when  it  is  fixed  m  a  proper 
Pofition,  will  convey  the  bell:  Idea  of  all  thefe  Appearances  ;  for 
we  derive  this  Advantage  from  the  new  Conftruftion  of  it,  that  it 
will  enable  us  to  place  the  feveral  Phenomena,  before  every  Eye ;  by  which 
means  thofe  who  have  the  leaft  Acquaintance  with  thefe  Studies,  mutt 
be  greatly  furprized,  and  pleafed  to  obferve  the  ancient  Accounts  mi¬ 
nutely  verified.  It  is  a  fort  of  living  over  again  the  former  Ages 
allowing  i°.  22'.  20".  for  every  hundred  Tears,  according  to^ Ricciolus 
SrSfe  which  is  a  fort  of  Mean  between  the  other  Computa- 

^Tfhall  not  now  fuggeft  fome  other  Purpofes,  that  might  be  ferved 
by  this  Method.  It.  is  fufficient  to  recommend  the  Invention,  that 
if  throws  fo  much  Light  on  the  common  Claffics,  to  which  I  have 
confined  this  Examination,  and  which  muft  be  my  Excuse  or 
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the  fame. 

10.  The  apparent  Times  of  the  Immerfions  and  Emerfions  of  Jupiter's 
Satellites  for  the  Year  1739,  computed  to  the  Meridian  of  the  Royal 
Obfervatory  at  Greenwich ,  by  the  fame. 

11.  Tlie  apparent  Times  of  fuch  of  the  Immerfions  and  Emerfions 
of  Jupiter's  Satellites,  as  are  vifible  at  London ,  in  the  Year  1 739V  by 
the  fame. 

12.  The  apparent  Times  of  the  Immerfions  and  Emerfions  of  the 
four  Satellites  of  Jupiter ,  for  the  Year  1740,  computed  to  the  Meri¬ 
dian  of  the  Royal  Obfervatory  at  Greenwich ,  by  the  fame. 

13.  The  apparent  Times  of  fuch  of  the  Immerfions  and  Emerfions 

of’ Jupiter's  Satellites,  as  are  vifible  at  London,  in  the  Year  1740,  by 
the  fame.  ‘  . . 

14.  De  Difparitione  Annuli  Saturni  An.  1743,  &  1744,  ex  Epiflola 

a  Domino  Godofredo  Heinfio,  ad  Dominum  Petrum  Colinfonum, 
R.  S.  S.  data.  ■  1 


CHAP.  IV. 

Of  S  UR  FE  TING. 

IT  is  a  plain  fmooth  Board,  about  18  Inches  fquare,  and  Three- 
quarters  of  an  Inch  thick.  Fig.  88.  A  B  C  D,  made  of  Mahogany , 
IValnut ,  Pear-tree ,  or  Norway  Oak ,  well  clamped  at  the  Ends,  or  a  brafs 
Frame  round  it,  to  prevent  it’s  warping,  and,  as  much  as  poffible, . 
fhririking  and  fwelling. 

Within  Six-tenths  of  an  Inch  of  two  of  it’s  oppofite  Sides  fand 
parallel  to  them  and  one  another)  are  two  Grooves  E  F,  G  H,  cut 
on  the  Face  half  an  Inch  deep,  to  let  in  two  brafs  Holders  in  the 
Shape  of  NO,  Fig.  89.  which  are  each  of  one  Piece  of  call  Brafs,  like 
two  brafs  Rulers,  joined  together  at  Right  Angles.  The  perpendi¬ 
cular  Part  is  ro  and  To  Parts  of  an  Inch  thick,  as  at  d,  h  an  Inch 
deep,  and  a  little  fliorter  at  each  End  than  the  upper  Part,  which 
is  17  Inches  long,  A  broad,  and  about  8  Parts  of  i£o  of  an  Inch 
thick;  about  2  i  Inches  from  each  End  of  the  Holder,  are  thick 
Parts  of  Bofies  in  the  upright  Piece,  as  at  P  and  through  which 
are  Holes  tapped,  to  receive  the  Screws  P  S,^R,  which  Screws  go 
each  through  a  brafs  Plate  as  T  and  V ,  fixed  by  Rivets  on  the  under 
Side  ol  the  Table,  and  little  round  Nuts,  (as  at  a  and  h)  put  on  them» 

•  to 
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to  confine  them  to  their  Shoulders  in  turning  in  the  Plates,  that  they 
neither  rife  nor  fall ;  thefe  Holders  mu  ft  go  eafy  in  the  Grooves,  to 
fink  eafy  and  even  with  the  upper  Surface  of  the  Table.  Then,  when 
the  Screws  enter  the  Holes  of  the  Holders,  by  turning  R  and  S  at  the 
fame  Time  forward,  the  Holders  will  fall,  and  pinch  down  any  Pa¬ 
pers,  &c.  that  are  under  them;  and,  turning  backward,  will  rife  and 
releafe  them.  .In  the  Middle  of  one  End  of  the  Table  is  a  Groove 
to  receive  the  Brafs  /F,  which  has  the  fame  fort  of  Screw  and  Fixing 
as  the  oth^r,  to  raife  or  fall  it.  But  the  Groove  is  quadrantal,  that 
the  Holder  W  may  on  Occafion  be  turned  fo  as  to  lie  all  on  the  out- 
fide  the  Line  'E  H ,  and  to  crofs  it,  in  cafe  of  high  Winds,  for  fe- 
curing  the  Papers  down,  on  Three  Sides ;  and  a  Fourth  might  be 
added,  but  there  is  feldom  any  Occafion  for  it. 

To  the  Centre,  of  the  Table  underneath,  is  fixed  a  brafs  Socket,  fo 
truly  made,  that  the  Table  may,  when  fet,  turn  round  truly  horizon¬ 
tally  :  And  a  Machine,  cafed  with  Glafs,  in  which  a  Plummet,  hangs 
to  fet  the  Table  level  ;  or  the  parallel  Plates,  and  glafs  Tubes  of 
Spirit  of  Wine,  may  be  ufed,  to  fet  it  horizontal,  as  any  one  fees 
Occafion  to  fanfy  them. 

.  To i any  one  of  the  four  Edges  underneath,  is  fcrewed  a  Box  and 
Needle,  fet  to  the  Variation. 

There  belongs  to  this  Inftrument^  a  flrong  three-legged  Staff,  and 
an  Index  with  plain  or  telefcopical  Sights,  near  two  Feet  long. 

The  Papers,  or  Charts,  for  this  Table,  are  to  be  either  a  thin  fine 
Paft board,  fine  Paper  palled  on  Cartridge-paper,  or  two  Papers 
palled  together ;  cut  as  exatftly  fquare  as  is  poffible,  each  Side  being 
nearly  •  1 6  Inches  and  an  half  long,  juft  as  they  may  Hide  in  eafily 
between  the  upright  Part  and  under  the  flat  Part  of  the  Holders. 

Any  one  of  thefe  Charts  will  be  put  in  the  Table  any  of  the  four 
ways,  be  fixed,  taken  out,  and  changed  at  Pleafure  :  Any  two  of 
them  may  be  joined  together  true  on  the  Table,  if  you  make  each 
of  them  meet  exa£l  at  the  Line  AM,  whilft  near  one  half  of  each 
will  hang  over  the  Sides  of  the  Table  ;  or  by  crefting  and  doubling 
each,  the  whole  of  them  flill  be  within  the  Table.  And  if  Occafion 
fhould  happen,  as  feldom  it  does,  by  crefting  each  Paper  both  Ways 
through  the  Middle,  four  of  them  may  be  put  on  at  one  time,  meeting 
in  the  Centre  of  the  Table. 

Each  Chart  is  always  crofted  by  Right  Angles  through  the  Middle, 
for  the  Purpofe  above,  and  to  make  any  of  them  anfwer  to  the  Guide- 
Lines  on  the  Table,  Fig.  88.  /  if,  L  M%  drawn  quite  through  the  Cen-  pjg, 

tre,  and  the  whole  Table. - So  the  grand  Objection  of  fhifting  Papers 

is  obviated. 

It*s  Facility  and  Difpatch.y  ,, 


As  alfo  it’s  Certainty,  compared  with  any  of  the  moft  celebrated 
Inftruments,  I  fhall  now  briefly  fet  forth,  '  ! 

But* 
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But,  in  order  thereto,  it  may  not  be  improper  to  premife,  or  lay 
down,  as  Lemmata ,  thefe  three  Things : 

i»  The  effential  Bttfinefs  or  Aim  in  furveying  of  Lands  or  Countries , 
is  either  to  have  an  exalt  Plan ,  or  to  find  the  Area  in  fome  known 

Me  afire. 

2,  Every  thing  that  is  fuperfiuous  or  foreign  to  fuch  Defgn9  is  better 
omitted  than  taken . 

j.  If  a  true  Survey ,  and  exalt  Plan  be  made9  every  Part  will  have 
it9s  juft  Proportion ,  and  every  Angle  it9s  true  Opening  or  Quan¬ 
tity. 

Then  what  need  have  we  of  Degrees,  Minutes,  Es ?c.?  They  are 
never  made  any  Ufeofinthe  Pra&ice  of  calling  up,  or  any  thing  related 
thereto  :  For,  if  from  a  Station  two  Lines  be  drawn  by  a  good  Index 
to  two  diflant  Objedls,  will  it  not  be  the  very  Angle,  and  identically 
the  fame,  as  if  it  had  been  taken  by  the  moll  celebrated  Inllrument,  in 
Degrees  and  Minutes,  and  laid  down  by  a  Protra&or  ? 

The  firft  is  much  more  expeditious,  eafy,  and  certain,  than  the  other. 
More  expeditious,  becaufe  thofe  two  Lines  are  fooner  drawn  than  an 
Angle  can  be  taken,  which  done,  two  thirds  of  the  Work  is  behind, 
viz.  Writing  down  and  Plotting.  More  eafy,  as  done  with  i  of  the 
Trouble.  More  certain,  becaufe  one  may  be  liable  to  Millakes  in 
taking  the  Degrees  or  Minutes ;  in  fetting  down,  and  in  protradling. 
And  if  it  fhould  fo  happen,  that  one  numerical  Angle  Ihould  be  taken, 
fet  down,  or  plotted  to  the  wrong  Coall,  (where  they  depend  on  one 
another)  fo  great  an  Error  would  enfue,  that  could  not  be  retrievable, 
but  by  going  on  the  Spot,  and  performing  the  Operation  anew.  Now 
the  Plotting-Table,  after  two  Stations,  proves  every  thing  on  the  Spot ; 
for,  from  every  Station  you  are  upon,  the  Index  mull  point  at  the  fame 
time  to  any  Station  on  your  Map,  and  it’s  correfponding  Object  in 
the  Field  *,  which  is  a  demonftrative  Proof,  for  nothing  but  Truth 
will  agree. 

In  feveral  Branches  of  the  Mathematics,  it  is  abfolutely  necefiary  to 
take  Angles  in  Degrees,  Minutes,  and  their  Subdivilions,  as  Aftrono- 
my.  Trigonometry,  Navigation,  Longimetry,  inaccefiible  Heights 
and  Dillances,  fcfr.  and  alfo  in  taking  large  Plans,  to  calculate  and 
prove  Things  by  Trigonometry  *,  which  would  not  only  be  a  Work  of 
Curiofity,  but  very  commendable.  But  where  the  Nature  of  the  Thing 
will  admit  of  as  good  Proof,  with  part  of  the  Trouble  and  Time  ; 
it  would  be  like  running  the  Solution  of  an  eafy  Queflion  into  a  long 
Procefs  of  Algebra  or  Fluxions,  when  the  plain  Rule  of  Proportion 
would  juflly  anfwer  the  fame. 

It  is  objected.  That,  in  furveying  by  the  Plotting-Table,  the 
fhrinking  or  iwelling  of  the  Papers,  are  a  great  Inconveniency. 


In 
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In  Anfvrer  to  this,  it  may  be  faid,  The  fame  Inconvcniency  attends 
the  furveying  by  any  other  Inftrument,  lo  foon  as  it  is  plotted  *,  for  both 
Velum  and  Paper  will  fhrink  and  fweil  in  the  Houfe  on  the  Alteration 
of  Weather  (as  well  as  all  Bodies)-,  for  a  Line  ot  48  Chain?,  plotted  by 
a  Scale  of  3.2  per  Inch,  in  a  hazy  Morning,  in  a  clear  Afternoon  the 
fame  Day,  meafured  but  47  and  an  half:  And  there  are  various 
Shrinkings  and  Swellings,  according  to  the  Weather,  and  Difference  of 
Paper,  £sj V. 

In  the  Plotting-Table  this  Inconvcniency  is  in  a  great  mealure 
remedied.  For  in  what  State  foever  of  the  Weather  you  put  Lines  on 
the  Chart,  the  Holders  give  Marks  on  the  Chart  as  it  then  flood  ;  if  it 
was  moifl  and  fwelled  up  in  the  middle  Part,  you  may,  when  you  either 
call  up  or  meafure  Lines,  by  laying  it  on  a  damp  Floor,  put  it  in  the 
fame  Condition  as  it  was  when  you  plotted  the  Lines.  If  you  plotted 
in  dry  hot  Weather,  and  are  calling  up  in  damp  or  moifl,  a  little 
heating  by  the  Fire  will  reduce  it  to  the  fame  State  again.  Another 
Remedy  I  have  long  ufed  is,  to  plot  and  meafure  by  Scales  of  the  fame 
Paper,  which  will  fhrink  or  fweil  in  proportion  as  your  Map  does. 

But  it  will  be  well  to  obferve  here,  that  the  fhrinking  and  fwelling 
alters  the  Lines  only,  and  not  at  all  the  Angles:  For,  let  a  Polygon 
be  never  fo  much  uniformly  extended  or  contracted,  each  Angle  muft 
contain  the  fame  Number  of  Degrees  and  Minutes  as  before.  Hence 
this  Objection  falls  no  harder  on  the  Table,  than  on  all  other  In- 
flruments.. 

And  here  I  intended  to  have  ended  this  Difcourfe :  But  as  I  have 
fo  me  other  fmall  Improvements,  not  only  in  the  Inflrumental  Part,  but 
in  anew  Method  of  difpofingthe  Maps,  and  better  adapting  them  to  all 
fubfervient  Ufes  *,  I  proceed. 

I  fhould  have  faid  before,  that  each  Chart  has  a  Flower  de  Lys  on  it’s 
North  Edge  ^  and,  as  the  Needle  is  moveable  to  any  Side,  Care  mufl 
be  taken,  that  the  North  End  of  the  Needle,  when  it  flands,  fliould 
point  the  fame  Way  as  the  Flower  de  Lys  on  the  Charts. 

I  ufe  a  Needle  about  5  Inches  long,  placed  in  an  oblong  wooden 
Box,  but  juft  fo  wide  as  the  Needle  may  play  double  the  Degrees  of 
the  Variation  Weft,  viz.  30°.  In  the  Middle  of  one  End  is  the  Flower 
de  LySj  and  the  Box  is  by  Studs  and  Holes  always  put  on  the  I  able- 
obliaue  to  the  Quantity  of  the  Magnetical  Variation.  I  make  no  other 
Ufe  of  the  Needle,  than  to  fet  the  Table  in  the  Meridian,  and  to  prevent 
any  great  Miftakes,  in  joining  or  placing  the  Charts  wrong. 

I  have  no  more  than  i  an  Inch  of  the  Needle  that  appears  from  undei 
the  Table,  for  the  Reafon  it  fhould  hot  be  in  the  Way,  or  fo^fubjecft 
to  be  damaged :  The  making  the  Box  fo  narrow,  is  to  check  it  s  piay- 
ing,  that  it  may  fooner  hang  ftill  over  the  Flower  de  Lys.  The  wooden 
Box,  lined  with  Paper,  I  find  preferable  to  a  large  brafs  Box,  and  large 
Glafs,  which  in  cold  and  hazy  Weather,  condenfes  the  Vapour  and 
Air  fo  much,  as  to  make  the  Needle  very  languid  and  dull. 
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Farther  Ufes, 
hy  taking  a  Sur , 
‘vey  in  the  nenv 
Method  hy  the 
Plotting-Table. 


Fig.  91. 


Fig.  50. 
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The  Charts,  thus  taken,  are  more  readily  laid  together  by.  Numbers 
on  their  Edges,  which  tally,  and  make  up  the  whole  Map  in 'one  Plan, 
or  View,  and  are,  in  thefe  Squares,  more  portable. 

In  the  fecond  Place,  they  are  more  readily  copied, ■  extended,  or  con¬ 
tracted.  For,  by  having  a  Frame  of  Wood  that  juft  encompaftes  a 
Chart,  divided  by  19  Threads  at  equal  Diftances,  and  the  fame  at  Right 
Angles,  the  other  Way  each  Five  or  Ten,  &c.  being  diftinguifhed  by 
Silk  of  a  different  Colour-,  aReet  is  made  of  400  Geometrical  Squares, 
from  which,  having  a  Velum  or  Paper  fo  divided  by  leffer  or  greater 
Squares  then  drawing  or  copying  by  Help  of  the  Lines  into  thofe  new 
Squares,  you  have  your  true  Map  contra&ed  or  extended. 

Large  Maps  of  Lordfhips  are  not  any  ways  convenient,  or  portable, 
to  have  recourfe  to  on  the  Spot  or  Place  they  reprefent ;  being  fubjed  to 
Damages,  unfit  to  be  opened  in  rainy  Weather,  very  troublefome  in 
the  wTnd,  and  very  difficult  to  find  out  the  Part  you  want.  To  remedy 
all  thefe  Inconveniences,  fome  Years  ago  I  contrived  a  new  Method  of 
difpofing  them,  in  fuch  Manner  as  makes  them  more  fure,  fafe,  ready, 
convenient,  durable,  and  portable,  than  any  other  Method. 

And  this  is  done  by  imitating  the  Geography  of  the  World,  which, 
firft  gives  the  whole,  then  the  feveral  Kingdoms,  Countries,  Pro¬ 
vinces,  and  minuter  Parts  and  Divifions,  feverally  and  more  at  large. 

Firft,  It  will  be  highly  neceffary,  that  a  General  Map  of  the  whole. 
Lordffiip  (Country,  &c.)  be  drawn  in  one  Sheet  of  Paper  or  Velum, 
to  give  the  Form,  Idea,  and  Proportion,  that  the  Parts  bear  to  the 
whole,  and  one  another  *,  by  which  Situations,  Bearings  of  the  Towns, 
Villages,  Roads,  and  remarkable  Places,  will  be  feen  at  one  View : 
And  this  muft  be  reduced  to  fo  lmall  a  Scale,  as  the  intended  Sheet 
may  comprehend  the  whole.  A  Scale  of  about  1 1  or  12  Chains  in  an 
Inch,  will  plot  a  Lordffiip  of  more  than  2000  Acres,  in  the  Compafs 
of  16  i  Inches  fquare*,  which  may  be  a  convenient  Size  to  make  two 
Leaves,  and  open  in  a  Folio  Book.  This  Map  may  exprefs  the  Roads, 
Rivers,  Streets,  Boundaries,  Inclofures,  and  common  Field  Lands 
fingly,  in  cafe  they  be  not  lefs  than  40  or  50  Links  in  Breadth :  The 
Pieces  that  contain  not  lefs  than  about  10  Acres,  will  admit  of  Room 
to  write  the  Owners  Names  and  Quantities  in  Statute  Meafure,  as  in 
Fig.  91  But  for  all  the  fmall  Parts,  there  will  not  be  room  to  explain 
them:  Therefore  I  divide  the  general  Map  into  as  many  Geometrical 
Squares,  as  it  took  Charts  in  furveying  by  the  Table,  by  red  Lines, 
as  in  Fig.  90  horizontally  and  perpendicularly,  as  noted  by  0,0, 0,0,  &c. 
which,  by  a  Scale  of  32  per  Inch,  may  take  about  15  Charts  in 
Number:  In  the  openeit  Place  near  the  Middle  of  each  Square,  in  a 
fmall  Circle,  I  number  them  with  red  Figures  1,  2,  3,  &c.  correfpond- 
ing  to  the  original  Charts:  And  in  the  Middle  of  each  of  their 
Sides,  Numerical  Letters,  (hewing  how  the  particular  Maps  are  to 
join  to  each  other. 


The 


*33 


Of  SURFEITING , 

The  particular  Maps  are  each  as  large  as  the  general,  and  numbered 
at  the  Top  I.  II.  III.  fcfc.  correfponding  to  the  Squares  in  general,  as 
Fig.  91.  where*  in  the  Right  Hand  Margin,  is  put  V,  and  at  the  9** 
Bottom  IX,  fhewing  the  Fifth  Map  tallies  to  the  Side,,  and  the  Ninth 
to  the  Bottom,  or  South  Part :  The  general  Map  being  an  Index,  iliew- 
iug  how  they  join  to  each  other.  - 

By  thefe  particular  Maps  may  be  fbewn  all  the  leffer  Quantities,  with 
their  Tenure,  Owners  Names,  and  Contents ;  and,  by  the  Scale,  are 
capable  of  fliewing  the  Lengths  of  any  Lines,  and  the  Dimenfions,  fo 
as  to  difcover  any  Encroachments,  and  record  their  Shape  and  Extents 
to  Pofterity  :  A  mod  valuable  Ufe  of  a  Survey  and  Map. 

All  thefe  Maps  are  bound  up  in  Order, v  in  a  Folio  Book,  to  open 
freely,  which  will  be  not  only  very  portable,  butufeful  to  have  recourfe 
to  on  any  Occafion  ;  fecure  from  Damages  of  Weather,  as  well  as  more 
durable  and  ornamental. 

^  The  Terriers  to  thefe  Maps  are  made  in  the  following  Manner ; 
either  bound  in  a  Book  of  a  Pocket  Size  by  themfelves,  or  along  with 
the  Maps. 

The  Names  of  the  Freeholders,  Copyholders,  Cottagers,  Tenants, 

Cs?c.  are  put  in  an  Alphabetical  Order. 

T ho .  Power. 


Refer 

to 

The  Names  of  the  Lands,  their 

Tenure 

1 

t 

the  Map. 

Situations,  and  Boundaries. 

Freehold 

Copyhold 

IV.  f. 

Calmer-Clofe  in  the  Village  of 

a 

\r 

P 

4* 

B. - the  Pari  Hi  of  Gww  W. 

Freehold 

1 1 

. 

-  .^1 

Bo^wnfend  E.  Own  S. 

The  Houfe  and  Home-Head 

IV.  f. 

6. 

called  Broadmoor  Horfe  Clofe  W. 
Own  E.  N.  S. 

Copyhold 

18 

2 

28 

IV.  e. 

6. 

Horfe  Clofe  Guinne  W.  Broad¬ 
moor  E.  Pitts  NS.  I 

Freehold 

l7 

1 

6 

In  like  Manner,  under  every  different  Name,  may  all  the  Parcels 
be  expreffed  feparately. 

To  find  any  Piece  or  Parcel  of  Land  in  the  Lordfhip  readily,  find 
find  the  Tenant’s  or  Owner’s  Name  in  the  Alphabetical  Order,  under 
which,  in  the  Second  Column,  may  the  Parcel  be  found.  The  3d 
fhews  whether  it  is  Free  or  Copyhold  ;  the  4th  or  5th,  the  Quantity  in 
Statute  Meafure,  either  Free  or  Copyhold. 

The  numerical  Letter  in  the  Margin  on  the  Left  IV.  thews  it  is  in  the 
Fourth  particular  Map;/.  6.  refers  to  the  Parts  of  the  Map;  find/, 
at  the  Top,  and  6  on  the  Left  Side,  and  in  the  Angle  of  Meeting  of 
thofe  Squares  is  the  Houfe,  Clofe  ;  and  fo  for  any  other. 

There  is  but  one  Objection  I  can  at  prefent  forefee,  that  can  bear  any 
Weight  againff  this  Method  of  dividing  the  general  Map,  viz. 

V  O  L.  VIII.  Part  i.  H  h  That 
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Fig.  92. 


To  reduce  a  nriLicc  wxiat  T***VJ~  .  ,  '  r 

/0  fit  ex-  it  down  by  in  the  Field,  viz.  the  greateft  Depth  and  Breadth,  as  trom 

«aly your gme-  tJie  Specimen  of  the  general  Map  it  may  appear. 
ral  Map .  1 


Of  SURVEYING. 

That  by  dividing  the  fame  into  geometrical  Squares,  many  of  the 
Parcels,  Lands,  and  Grounds,  will  be  cut  into  two  feparate  Pieces  ;  one 
Part  whereof  will  lie  in  one  particular  Map,  and  the  left  in  another ; 
as  in  Fig.  91.  Map  IV.  Part  o i  Calmer  and  Broad-Clofe  will  be  in  the 

Vth  Map.  T  ,  ^ 

In  this  Cafe,  it  is  ufual  to  put  the  Owner’s  Name,  and  Quantity, 

in  that  which  is  the  greater  Part,  and  in  the  Terrier  refer  alfo  to  the 

Remainder ;  where,  if  the  Shape,  Lengths,  &c.  are  required,  they 

may  bedifcovered.  „  „  .  , 

But  as  this  may  not  be  fat  is  factory.,  or  fully  anfwer  the  Objection  *, 

the  two  following  Methods  will  entirely  obviate  the  Difficulty,  and 
make  them  as  fully  fubfervient  to  all  Purpofes,  as  any  large  and  entire 

Map  on  one  Piece.  .  .  .. 

The  ift  Method  is,  to  take  juft  fo  much  in  a  particular  Map  as  is 
circumfcribed  by  fome  known  Roads,  Lanes,  Brooks,  Boundaries  of 
particular  Owners,  or  Tenants  Lands:  This,  indeed,  will  often  make 
the  Map  very  difproportional,  and  irregularly  ihaped ;  but  cannot  be 
a  material  Obje&ion,  by  reafon,  in  Surveys,  there  is  feldom  any  thing 

regularly  Ihaped.  _  , 

2.  The  2d  Method  is,  to  have  a  wider  Margin,  or  rather  draw  the 

particular  IVIaps  by  afmaller  Scale,  as  4-  Chains  in  an  Inch,  inftead  of  3 
Chains  20  Lines  ;  and  that  will  allow  Room  to  add  the  Parts  of  the 
Parcels  focut  off  in  the  Margin,  as  in  Fig.  92.  the  IVth  particular  Map 
varied,  where  the  Whole  of  Broadmoor  and  Calmer  is  drawn  ,  then  in 
the  Vth  and  IXth  particular  Map,  may  the  fmall  Parts,  which  are  in 
the  IVth,  be  drawn  in  full :  Then  will  they  join  by  indenting  or  tally¬ 
ing  one  into  anotherr 

Firft  fee  what  Extent  the  whole  Survey  takes  on  the  Charts  you  laid 

1  •  ^1.  _  t?*  1  j  ond  t V»  sc  fmmf 
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60  i  i  qr. 

Then  having  fixed  on  the  Size  of  the  general  Map  to  be  16,37  Square, 
I  form  a  Scale  of  60  I  per  Inch,  that  may  juft  extend  the  whole  Breadth 
of  the  16,37  Inches  *,  by  which  you  may  form  all  the  Squares,  and 
Parts  of  Squares,  in  Depth  and  Length,  as  above  \  and  at  Fig.  90.  is 

divided.  _ 
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Of  S  V  M  V  E  f  I  N  G. 

The  Breadth  of  the  whole  Map,  by  a  Scale  of  32,  is  60,62  Inches, 
which  I  would  reduce  into  the  Compafs  of  16  f  and  i  =  16,37  Inches. 

Divide  60,62  by  16,37,  g*ves  3*7»  which  multiplied  by  3,20,  makes 
the  Produd  11,84,  that  is  11  Chains  84  Links  in  an  Inch,  the  Scale 
for  the  general  Map, 

Thus  have  I  done  all  I  intended  ;  but  fhall  obferve,  that  feveral  of 
thefe  Tables  have  been  made,  and,  as  People  have  fanfied,  with  Alte 
rations  and  Additions ;  but  ail  Variations  are  not  really  Improvements, 
The  fetting  it  horizontally  by  Spirit- Tubes,  may  be  curious  enough  : 
But  as  the  Difference  is  very  inconfid-erable  and  indifcernable,  v/hen 
it  Hands  2  or  3  Degrees  out  of  the  Level,  I  fhall  not  trouble  myfelf  or 
others  about  it  *,  only  further  obferve,  that  when  Grounds  are  declining 
much,  and  very  uneven,  if  the  Table  Hands  horizontal,  unlefs  the  Sight 
or  Mark  on  the  lower  Part  is  fo  high  as  it’s  Top  makes  a  Level  with  the 
upper  Part  of  the  Table,  which  is  feldom  done,  or  pradicable,  I  do 
not  fee  why  fitch  a  Strefs  fhould  be  laid  on  the  Indrumends  being  level, 
when  neither  the  View  by  the  Index,  nor  the  Meafure  of  the  Line, 
either  can  be,  or  is  taken  horizontally  :  If  the  Sight  of  the  Index  ftand 
nearly  perpendicular  at  every  Obfervation,  it  is  more  than  fufficient 
for  any  Exadnefs  requifite  in  a  Survey. 


C  II  A  P.  V. 

♦ 

MECHANICK  S. 

1.  T  I  A  VING  jaft  Year  fhewn  feveral  Perfons  in  Holland  the  Etpe-  An  Expert- 
.Li  riment  contrived  by  Mr  Geo.  Graham ,  to  explain  the  Dodrine  re-  ^Grarefonde* 
lating  to  the  Momentum  of  Bodies  (viz.  That  the  Momentum,  or  Quantity  prof  Math.* 
of  Motion  in  Bodies,  is  always  as  the  Mafs  multiplied  into  the  Velocity)  Leyd.i\.£.S. 
which  Experiment  is  made  with  a  flat,  pendulous  Body,  that  receives  the  relating  to  the 
Addition  of  a  Weight  equal  to  itfelf  at  the  lower  Part  of  it’s  Vibration, 
and  by  the  Reception  of  that  equal  Quantity  of  Matter  always  lofes  half  to  the 
it’s  Velocity.  Dr  Mufchenhraek,  Profeflfor  of  Mathematicks  and  Aftro-  Royal  Soci- 
nomy  at  Utrecht ,  communicated  to  me  the  following  Experiment,  made  €ty>  bb  T« 
in  Oppofition  to  that  which  I  was  fhewed  by  Mr  Profeffor  s’Gravefande. 

In  this  lad  a  Spring  equally  bent  every  time,  p uflies  forward,  unequal  No.  429.  p. 
Quantities  of  Matter  fucceflively,  and  in  every  Experiment  the  Produd  143.  July, 
of  the  Mafs  of  the  Body  by  the  Square  oi  the  Velocity  is  the  fame  *,  and  &c'  *  733* 
therefore,  as  the  Quantity  of  Motion  mud  always  be  the  fame  from  the 
fame  Caufe  (viz.  the  fame  Tenfion  of  the  Spring)  it  follows,  by  every 
Experiment,  that  it  is  as  the  Mafs  multiplied  into  the  Square  of  the 
V  elocity. 

id 
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MECHANIC  K'S. 

Exp ,  1/]  The  pendulous  Cylinder  is  fhot  by  the  Spring  from  o  Deg. 
to  7  Deg.  meafured  upon  a  Tangent  Line. 

Exp.  2.]  The  Cylinder  with  a  leaden  Weight  in  it  that  makes  it’s 
Weight  double,  is  (hot  forward  to  4  Deg. 

Exp.  3.]  The  Cylinder  with  a  Weight  in  it  that  made  it’s  Weight 
triple,  was  fhot  forward  to  4  Degrees  and  a  little  farther. 

Exp.  4.]. The  Cylinder  with  a  triple  Weight  of  Lead  fo  as  to  qua¬ 
druple  the  whole  Weight,  was  fhot  forward  to  3  i  Deg. 

Thefe  4  Experiments  at  fir  ft  feem  agreeable  to  the  new  Hypothefis ; 
for  according  to  the  old,  the  Cylinder  in  the  2d  Experiment  ought  to 
have  gone  but  to  3  I  Deg.  in  the  3d  Experiment  but  to  3  7  Deg.  and  in 
the  laft  but  to  2  Deg. 

But  if  we  take  in  the  Con  fide  rat  ion  of  Time,  all  will  be  reduced  to 
the  old  Principle.  As  for  Example,  let  us  compare  the  firft  and  laft 
Experiments. 

In  the  firft,  the  Spring  during  a  certain  time  ads  upon  the  Cylinder 
which  is  driven  forward  with  the  Velocity  8.  When  the  quadrupled 
Weight  is  driven  forward  with  the  Velocity  4  inftead  of  2,  it  is  becaufe 
the  fame  Spring  ads  twice  as  long  upon  the  Cylinder  before  it  ceafes 
to  impel  it;  and  certainly  the  fame  Caufe  ading  twice  as  long  muft 
produce  a  double  Effed. 

IE  The  laft  Difiertation  is  *  new,  and  treats  of  the  Motive  Forces- 
of  Bodies,  whether  they  are  to  be  eftimated  by  the  Velocities,  or  the 
Squares  of  the  Velocities,  when  the  Mafifes  are  equal.  The  Original 
of  this  difpute  among  the  Mathematicians,  the  Author  afcribes  to  a  Slip 
committed  by  the  celebrated  Mr  Leibniz,  in  the  Year  1686,  and  the 
Continuance,  to  the  Negled  of  the  Times,  wherein  equal  Effects  are 
produced.  The  one  Side  afierts  all  Caufes  to  be  equal,  whole  Effeds 
are  fo,  whether  the  Times,  during  which  the  Caufes  ad,  are  fhorter  or 
longer.  The  other,  on  the  contrary,  maintains,  that  equal  Effeds 
may  arife  from  unequal  Caufes,  if  the  Times  of  Adion  are  unequal; 
that  confequently  the  Times,  as  well  as  the  Effeds,  ought  to  be  taken 
into  the  Account. 

He  wifhes  the  Gentlemen  on  the  other  Side  of  the  Queftion  would 
produce  fome  Experiment  in  their  Favour,  where  the  Equality  of  the 
Times  is  preferved  ;  fmce  all  the  Experiments  they  have  hitherto  made, 
and  argued  from,  may  juftly  be  fet  afide,  as  incompetent,  on  the 
Account  of  the  Inequality  of  the  Times  of  Adion. 

The  Author  then  proceeds  to  prove  the  Truth  of  the  common 
Opinion  of  the  Forces  in  equal  Bodies  being  proportional  to  their 
Velocities.  This  he  does  by  Three  Mediums,  the  Firft  taken  from 

*  The  Eight  preceding  Differtations  had  been  before  printed  feparately ;  but  were 
now  all  collected  together,  with  the  Addition  of  this  Ninth,  and  publilhed  in  one  Volume 
m  OAavo,  London ,  J732. 
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the  Action  of  a  Tingle  Spring  upon  the  fame  Body:  The  Second  from 
fome  Experiments  of  Mr  Mariotte  \  the  Third  from  the  joint  Adion 
of  feveral  Springs  upon  two  unequal  Bodies. 

I.  A  fingle  Spring,  fixed  to  a  moveable  horizontal  Table,  is  made 
to  communicate  to  the  fame  Body,  Degrees  of  Force  unqueftionably 
equal,  while  the  Degrees  of  Velocity  communicated  at  the  fame  time 
are  alfo  undoubtedly  equal ;  therefore  the  Forces  are  proportional  to 
the  Velocities. 

II.  In  Mr  Mariotte' s  Experiments,  the  Imprefilons  made  upon  equal 
Surfaces  in  the  fame  Point  of  Time,  are  found  to  be  in  the  Duplicate 
Ratio  of  the  Velocities  *,  but  the  Maffes  or  .Numbers  of  impinging 
Particles  are  in  the  fimple  Ratio  of  the  Velocities  •,  confequently,  the 
Maffes  and  Velocities  conjundly  being  in  the  Duplicate  Ratio ,  i.  e.  as 
the  Impreffions,  muft  alfo  be  as  the  Forces  which  made  them  :  Which 
is  the  old  Opinion. 

III.  A  complicated  or  bent  Spring  interpofed  between  two  unequal 
Bodies,  ading  upon  each  with  an  equal  Preffure,  and  during  an  equal 
Time,  muft  communicate  equal  moving  Forces  to  each  5  but  their 
Velocities  are  by  Experiment  reciprocally  proportional  to  their  Maffes  *, 
therefore  their  Maffes,  drawn  into  their  refpediye  Velocities,  are  alfo 
equal,  as  were  their  moving  Forces  *,  and  by  confequence  their  moving. 
Forces  are  as  the  Maffes  and  Velocities  conjundly ;  Which  is  the 
generally  received  Opinion. 

In  the  Appendix,  the  Author  anfwers  fome  of  the  principal  Argu¬ 
ments  brought  in  favour  of  the  contrary  Side. 

I.  The  firfl  is  drawn  from  the  compound  Motion  of  a  Body  along 
the  Diagonal  of  a  Redangle,  whofe  Sides  reprefent  the  fimple  Motions. 
Here  it  is  laid,  that  the  fimple  Forces  are  no-ways  contrary  to  each 
other*,  that  being  united  or  added  together  in  the  compound  Force*, 
that  compound  Force  will  not  be  to  both  or  either  of  the  fimple  Forces, 
as  the  Diagonal  is  to  both  or  either  of  the  Sides  ;  but  as  the  Square  of 
the  Diagonal  to  the  Sum  of  the  Squares  of  the  Sides,  or  to  the  Square 
of  either  Side  refpediveiy.  He  anfwers.  The  fimple  Forces,  while 
they  ad  in  their  proper  Diredions,  are  not  contrary  to  each  other, 
either  Wholly  or  in  Part ;  but  when  confidered  as  contributing  to  the 
Motion  of  the  Body  in  the  Diredion  of  the  Diagonal,  Part  of  the  one 
ads  contrary  to  Part  of  the  other,  and  defiroys  it*,  as  is  evident,  if 
you  refolve  each  fimple  Force  into  two  others,  one  ading  along  the 
D  iagonal,  the  other  in  a  Diredion  perpendicular  to  it.  And  then  it. 
is  to  be  obferved,  that  the  Sum  of  the  two  former  is  equal  to  the  Dia¬ 
gonal  (while  the  two  latter  deflroy  each  other):  Which  is  perfedly 
agreeable  to  the  old  Opinion,  but  not  at  all  to  the  new  j  for  the  de~ 
monftrating  of  which  this  Argumentis  brought. 

II.  The  fecond  Proof  is  taken  from  the  equal  Comprefiion  of  4  equal 

Springs,  before  the  Force  was  confumed,  by  the  fame  Body  moving 

with 
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with  double  the  Velocity  •,  and  labours  at  the  Bottom  under  the  fame 
Paxallogifm. 

III.  The  Lift  Argument  is  founded  upon  the  learned  and  ingenious 
Mr  Poleni’s  Experiment,  wherein  equal  Cavities  are  formed  in  foft 
Subftances,  by  equal  Bodies  falling  from  Heights  reciprocally  propor¬ 
tional  to  their  Maffes.  This  the  Author  fets  afide,  as  infufffeient, 
fmee  the  Times  of  forming  thefe  equal  Cavities  are  unequal,  and  un¬ 
equal  Caufes  may  produce  equal  Effeds  in  unequal  Times.  The  learned 
Mr  Poleni  does,  indeed,  reply,  and  fay,  that  the  Formation  of  thefe 
Cavities  feems  to  be  inftanraneouA:  But  the  ingenious  Author  (hews 
the  contrary,  and  that  from  a  Pofition  allowed  of  by  Poleni  himfclf,  in 
his  Reply, 

III.  i.  Altho’  it  is  now  above  6 o  Years  fmee  Mr  Richer  firft  dif- 
covered,  that  Pendulums  of  the  fame  Length,  do  not  perform  their 
Vibrations  in  equal  Times  in  different  Latitudes  ;  and  tho*  feveral  Ex¬ 
periments  made  fmee  in  different  parts  of  the  Earth  concur  to  prove, 
and  at  Black-  t]iat  Pendulums  fwinging  Seconds  are  in  general  fhorter  as  we  approach 
n'aica  *lJco-  l^e  Eduator  »  yet  what  the  real  Difference  is  between  their  Lengths 
jin  Campbell,  in  different  Latitudes,  does  not  teem  to  have  been  determined  with 
Efq\  F.  R.  S.  fufficient  Exadnefs,  by  the  Obfervations  that  have  hitherto  been  com- 
concermng  the  naunicated  to  the  Publick  ;  as  may  be.  gathered  from  Sir  1.  Newton's 
C4rf  •  °^in  Pf  incipi  a  *,  where  they  are  compared  as  well  with  each  other,  as  with 
der  to  deter-  the  Theory  of  that  illtiftrious  Author.  It  were  therefore  to  be  wifhed, 
mine  the  Dif-  that  more  of  this  kind  of  Experiments  could  be  made  with  greater  Re¬ 
ference  be-*  curacy  in  proper  Places,  by  fuch  Perfons  as  have  fufficient  Skill  and 
lengths *  of  Ifo-  Opportunities  to  do  it  *,  that  we  might  thereby  be  enabled  to  judge 
tfironal  Pen-  with  more  Certainty,  concerning  the  true  Figure  of  the  Earth,  and  the 
du!ums/«  'tbofe  Nature  of  it’s  conftituent  Parts. 

Places.  Cam-  As  an  Inducement  to  fuch  as  may  have  it  in  their  Power  to  put  the 
like  again  into  Pradice,  I  fhall  lay  before  the  Society,  an  Account  of 
a  very  curious  Experiment  of  this  Sort  lately  made  in  Jamaica ,  by 
Cohn  Campbell ,  Efq;  He  has  furnifhed  himfelf  with  an  Apparatus  of 


Obfervations 
shade  in  Lon¬ 
don,  by  Mr 
George  Gra¬ 
ham,  F.R  S 


raunicated  by 
}.  Bradley, 
M.  A.  Afr. 
Prof  Savill 


Oxon.  F.R.S.  inftruments  not  unworthy  the  Gbfervatory  of  a  Prince  ;  among  which 
302- Apr' LV  ;‘s  a  Olock  whofe  Pendulum  vibrates  Seconds,  made  by  Mr  George 
1734.  Graham ,  who  judging  that  an  Opportunity  was  now  offered  of  trying 

with  the  utmoft  Exadnefs,  what  is  the  true  Difference  between  the 
Lengths  of  Ifochronal  Pendulums  at  London  and  Jamaica,  readily  em¬ 
braced  it  ;  and  in  framing  the  Parts  of  the  Clock,  carefully  contrived, 
that  it’s  Pendulum  might  at  pleafure  be  reduced  to  the  fame  Length., 
whenever  there  fhould  be  occaffon  to  remove  the  Clock  from  one  Place, 
and  fet  it  up  in  another. 

This  Clock  being  chiefly  defigned  for  Aftronomical  Obfervations, 
had  no  (hiking  Part,  and  ids  Pendulum  was  adjufted  to  fuch  a  Length, 
that  in  London  is  vibrated  Seconds,  of  Siderial,  and  not  of  Solar  Time. 


'*  Lib,  III.  Prop. 
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When  it  was  finifhed,  Mr  Graham  fixed  it  up  in  a  Room  fituated  back¬ 
ward  from  the  Street,  and  on  the  North-fide  of  his  Houfe,  to  prevent 
it’s  being  difturbed  by  Coaches,  or  other  Carriages  that  palled  through 
the  Street,  and  that  it  might  be  as  little  affefled  by  the  Sun  as  pollible. 
Having  let  it  going,  he  compared  it  with  the  Tranfits  of  the  Star  L«- 
cida  Aquila  over  the  Meridian,  whicii  palled 


th  h,  f 

20  at  8  59 

22  at  8  59 

Auguft ,  23  at  8  59 


n 

i5 

18 

2o\ 


172l  25  at  8  59  22 

' 6  ’28  at  8  59 

29  at  8  59  26 

30  at  8  59  27 


^  by  the  Clock. 


Hence  it  appears,  that  the  Clock  gained  12 //.  in  10  Apparent  Re¬ 
volutions  of  the  Star. 

In  order  to  eflimate  how  much  the  Pendulum  may  be  lengthened 
by  greater  Degrees  of  Heat,  or  how  much  llower  the  Clock  would  go 
on  that  Account  when  removed  into  a  warmer  Climate,  a  Thermo¬ 
meter  was  fixed  by  the  Side  of  it  5  and  between  the  Hours  of  10  and 
11  in  the  Morning,  and  at  Night,  notice  was  taken  at  what  Height 
the  Spirits  Hood,  and  the  mean  Height  for  each  Day  was  as  follows: 


th 

‘Therm. 

21 

32  £  Divifions. 

22 

3°  i 

23 

28  i 

H 

27  i 

Auguft,  1731.  25 

28  !  Hence  the 

26 

27  J  Divilions. 

27 

27  i 

28 

27  1 

29 

27  i 

3° 

27  i 

The  Clock- Weight  that  keeps  the  Pendulum  in  Motion  is  12  ife. 
102CZ.  and  is  to  be  wound  up  once  in  a  Month.  The  Weight  of 
the  Pendulum  itfelf  is  17  ft.  and  (during  the  Time  that  the  Clock  was 
compared  with  the  1  ranfits  of  the  Star)  it  vibrated  each  way  from 
the  Perpendicular  i  °  45».  The  Magnitude  of  the  Vibrations  was  efti- 
mated  by  means  of  a  Brafs  Arc,  which  was  fixed  juft  under  the  lower 
end  oi  the  Rod  of  the  Pendulum,  and  divided  into  Degrees, 
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Auguft  3 1 ,  Mr  Graham  1 00k  off  the  Weight  belonging  to  the  Clock, 
and  hung  on  another  of  6  ffe.  %oz.  and  with  this  Weight  the  Pendu¬ 
lum  vibrated  only  i°  1 5 f  on  each  Side  *,  and  the  Clock  went  if  fA 
flower  in  24  Hours,  than  when  it’s  own  Weight  of  12  lb.  10  1  oz.  was 
hung  on. 

This  Experiment  fhews,  that  a  fmall  Difference  in  the  Arcs  de¬ 
fer  1  bed  by  the  Pendulum,  or  a  fmall  ,  Alteration  in  the  Weight  that 
keeps  it  in  Motion,  will  caufe  no  great  Difference  in  the  Duration  of 
the  Vibrations  *,  and  therefore  a  little  Alteration  in  the  Tenacity  of  the 
Oil  upon  the  Pivots,  or  in  the  Foulnefs  of  the  Clock,  will  not  caufe 
it  to  accelerate  or  retard  it’s  Motion  fenfibly  ;  from  whence  we  may 
conclude,  that  whatever  Difference  there  fhall  appear  to  be,  between 
the  going  of  the  Clock  at  London  and  in  Jamaica ,  it  mufl  wholly 
proceed  from  the  lengthening  of  the  Pendulum  by  Heat,  and  the  Di¬ 
minution  of  the  Force  of  Gravity  upon  it. 

A  particular  written  Account  of  the  Obfervations  and  Experiments 
hitherto  taken  Notice  .of,  was  delivered  to  me  by  Mr  Graham  in  Sept, 
1731,  about  the  fame  Time  the  Clock  was  put  on  Ship-board  to  be 
carried  to  Jamaica.  He  likewife  fent  very  full  Directions  to  Mr  Camp - 
bell^  deferibing  in  what  manner  the  Clock  was  to  be  fixed  up,  and  how 
the  Pendulum  might  be  reduced  exactly  to  the  fame  State  as  it  was 
when  in  England •,  but  no  Intimatioq  was  given  concerning  the  going 
jof  the  Clock,  that  the  Experiment  might  be  made  with  all  poffible 
Care,  and  Caution,  and  without  any  Byafs,  or  Prejudice,  in  Favour  of 
•any  Hypothecs,  or  former  Obfervations. 

In  July  1732,  we  received  an  Account  of  the  Succefs  of  the  Expe¬ 
riment,  by  the  Hands  of  Mr  Jofeph  Harris ,  who  was  prefent  at  the 
making  of  it  in  J amaica,  whither  he  went  the  Year  before  with  Mr 
Campbell,  in  order  to  afiift  him  in  his  Defign  of  erecting  an  Obferva- 
tory  for  the  Improvement  of  Aflronomy,  and  the  promoting  other 
Parts  of  Natural  Knowledge  in  that  Ifland  :  But  his  ill  State  of  Health 
obliging  him  to  return  into  England ,  he  brought  with  him  the  Ori¬ 
ginal  Journal  of  the  Obfervations  of  the  Tran  fits  of  two  Stars  (viz. 
Syrius  £5?  (3  Canis  Majoris )  over  the  Meridian,  compared  with  the 
Clock,  after  it  was  fixed  up  in  Jamaica ,  as  Mr  Graha?n  had  directed  ; 
together  with  the  Height  of  the  Spirits  of  the  forementioned  Thermo¬ 
meter,  upon  the  feveral  Days  of  Obfervation. 

The  chief  of  thofe  Obfervations  are  contained  in  the  following  Table, 
the  1  ft  Column  whereof  fhews  the  Day  of  the  Month  ;  the  2d,  the 
Name  of  the  Star,  and  the  Time  by  the  Clock  of  it’s  obferved  Tranfit 
over  the  Meridian  ;  the  3d  contains  the  Hour  of  the  Day,  when  the 
.Thermometer  was  obferved,  together  with  the  Height  of  the  Spirit  at 
thofe  Hours ;  the  Morning  Hours  being  denoted  by  the  Letter  A, 
and  thofe  of  the  Afternoon,  by  the  Letter  P. 
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The  Pendulum,  during 
this  Interval,  vibrated  about 
i°  52 1  each  way  from  the 
Perpendicular. 
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The  Tranfits  of  the  Stars  over  the  Meridian,  were  obferved  with 
a  Telefcope,  fixed  at  Right  Angles  to  an  Horizontal  Axis,  whofe 
Ends  lay  exa&ly  Eaft  and  Weft  •,  by  the  turning  of  which  Axis,  the 
1  ane  of  Collimation  of  the  Telefcope,  was  conftantly  directed  in  the 
Plain  of  the  Meridian.  .  This  Inftrument  was  daily  adjufted  to  a  Mark, 
fixed  in  the  Meridian  :  and  in  the  journal,  between  the  2d  and  3d  of 
February ,  the  following  Remark  was  made. 

N.  B.  This  Day  was  boiler  than  ufual ,  as1 '‘appears  by  the  Thermo- 
meter  \  and  the  Fran  fit  Inftrument  had  loft  the  Level  a  little ,  but  after  we 
had  adjufted  it ,  it  pointed  ex  a  Illy  to  our  Meridian  Mark ,  and  therefore 
we  are  at  a  lofs  for  the  Caufe  of  this  Difference  in  the  Clock . 

From  the  foregoing  Table  it  appears,  that  the  Clock  loft  54  ^  2iir 
in  26  Revolutions  of  the  Stars  ;  that  is,  about  2r  i  in  one  Revolu¬ 
tion,  the  Difference  from  this  Medium  fomewhat  varying,  upon  ac¬ 
count  of  a  greater,  or  Ids  Degree  of  Heat  on  different  Days. 

The  Mean  of  all  the  obferved  Heights  of  the  Thermometer  from 
January  26th,  to  February  18th,  was  about  12  4  Divifions.  Therefore, 
the  Difference  between  the  mean  Heights  of  the  Thermometer,  at 
Jamaica  and  London ,  during  the  Interval's  of  the  refpe<flive  Obfer- 
vations,  was  15  4  Divifions  ;  the  Spirits  {landing  for  much  higher  in 
Jamaica ,  becaufe  of  the  greater  Heat  in  that  Ifiand. 

That  we  might  be  able  to  judge,  how  much  the  different  Degrees 
of  Heat,  correfponding  to  any  Number  of  Divifions  upon  this  Ther¬ 
mometer,  would  caufe  the  Clock  to  go  flower,  by  lengthening  iPs 
Pendulum,  Mr  Graham  took  Notice  of  the  loweft  Point,  to  which 
the  Spirits  funk  at  London  in  the  Winter,  1731  ;  and  the  greateft: 
Height  to  which  they  rofe  in  the  following  Summer  *,  and  comparing 
the  Motion  of  the  Spirits  in  this  Thermometer,  with  the  Alterations 
in  another  made  with  Quickfilver,  which  he  has  for  fome  Years  made 
life  of ;  he  concluded,  that  at  London  the  Spirits  in  this  Thermometer 
would  (land  ( communibus  Annis)  about  60  Divifions  higher  in  Summer 
than  in  Winter.  '  '  > 

By  feyeral  Years  Experience,  he  has  likewife  found,  that  his  Clocks 
(of  the  fame  fort  with  Mr  Campbell9 s)  when  expofed,  as  ufual,  to  the 
different  Degrees  of  Heat  and  Cold  of  our  Climate,  do  not  vary  in 
their  Motion  above  25  or  30  Seconds  in  a  Day. 

From  thefe  Oblervations  and  Experiments  therefore  we  may  rea- 
fonably  conclude,  that  fufticient  Allowance  will  be  made  for  the 
Lengthening  of  the  Pendulum  by  Heat,  if  we  fuppofe  the  Clock, 
upon  that  Account,  to  go  one  Second  in  a  Day  flower,  when  the 
Spirits  of  this  Thermometer  ftand  two  Divifions  higher,  and  in  the  fame 
Proportion  for  other  Heights. 

Admitting  then,  that  the  mean  Height  of  the  Thermometer,  while 
the  Clock  was  compared  with  the  Stars  at  Jamaica ,  exceeded  that  at 
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London  between  15  and  20  Divifions ;  if  we  allow  8,  or  9  Seconds, 
upon  that  Account,  the  remaining  Difference  muft  be  wholly  owing 
to  the  Difference  of  the  Force  of  Gravity  in  the  two  Places. 

Upon  comparing  the  Obfervations,  it  appears,  that  in  one  apparent 
Revolution  of  the  Stars,  the  Clock  went  21  6n  h  flower  in  Jamaica , 
than  at  London  \  dedufting  therefore  8,f  7,  on  account  of  the  greater 
Pleat  in  Jamaica ,  there  remains  a  Difference  of  if  58^,  which  muft 
neceffarily  arife  from  the  Diminution  of  Gravity,  in  the  Place  neareft 
the  Equator. 

I  have  allowed  the  Clock  to  have  loft  fomewhat  more,  on  account 
of  the  Difference  of  Pleat,  than  the  mean  Heights  of  the  Thermometer 
may  feem  to  require,  upon  a  Suppofition,  that  the  total  Heat  of  the 
Days,  compared  with  the  Cold  of  the  Nights,  bears  a  greater  Pro¬ 
portion  in  Jamaica,  than  London  ;  but  if  that  Suppofition  be  not  ad¬ 
mitted,  then  the  Clock  in  Jamaica ,  lrmft  have  gone  rather  more  than 
P  58^  in  a  Day  flower'  than  in  England. 

Mr  Campbell's  Obfervations  were  madeat  Black-River ,  in  180  North 
Latitude.  Now  if  we  fuppofe,  with  Sir  I.  Newton ,  that  the  Dif¬ 
ference  in  the  going  of  the  Clock,  is  owing  to  the  greater  Elevation 
of  the  Parts  of  the  Earth  towards  the  Equator,  it  will  follow  from 
thefe  Obfervations,  and  what  is  delivered  by  him  in  Lib.  III.  Prop. 
20.  of  his  Principia^  that  the  ^Equatorial  Diameter  is  to  the  Polar,  as 
190  to  189  ;  the  Difference  between  them  being  411.  Miles;  which 
is  fomewhat  greater  than  what  Sir  I.  Newton  had  computed  from 
his  Theory,  upon  the  Suppofition  of  an  uniform  Denfity  in  all  the 
Parts  of  the  Earth.  .  , 

1  fliall  not  enter  into  the  Difpute  about  the  Figure  of  the  Earth, 
but  at  prefent  fuppofe,  with  Sir  I.  Newton ,  that  the  Increafe  of  Gra¬ 
vity,  as  we  recede  from  the  ^Equator,  isi  nearly  as  the  Square  of  the 
Sine  of  the  Latitude  ;  and  that  the  Difference  ih  the  Length  of  Pen¬ 
dulums,  is  proportional  to  the  Augmentation,  or  Diminution  of  Gra¬ 
vity.  Upon  thefe  Suppofitions,  I  colleft  from  the  forementioned  Ob¬ 
fervations,  that,  if  the  Length  of  a  fimple  Pendulum  (.that  fwings  Se¬ 
conds  at  London )  be  39.126  Englifh  Inches,  the  Length  of  one  at  the 
Equator,  would  be  39.00,  and  at  the  Poles- 39,206.  And  (kbit raft¬ 
ing  from  the  Alteration  on  account  of  different  Degrees  of  Heap  a 
Pendulum-Clock  that  would  go  true  Time  under  the  ^Equator,  will 
gain  3/48/^i  in  a  Day  at  the  Poles*,  but  the  number  of  Seconds 
which  it  would  gain  in  any  other  Latitude,  would  be, to  g!  48  'ft 
nearly,  as  the  Square  of  the  Sine  of  that  Latitude  is  to  the  Square  of 
the  Radius  :  From  whence  it  follows  ^  that  the  Number  of  Seconds 
which  a  Clock  will  lofe  in  a  Day,  upon  it’s  Removal  to  a  Place  nearer 
to  the  ^Equator,  will  be  to  ^  48  nearly,  as  the  Difference  between 
the  Squares  of  the  Sines  of  the  Latitudes  of  the  two  Places  to  the  Square 
of  the  Radius.  Thus  the  Difference  of  the  Squares  of  the  Sines  of 
5 1 0 f,  and  1 8°,  the  Latitudes  of  London  and  Slack- River  being  to 
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the  Square  of  the  Radius,  as  11B  to  2284,  the  Clock  will  go  58^ 
in  a  Day  (lower  at  Black- River  than  at  London ,  as  was  found  by  Qb- 

fervation.  _  .  ,  .  „ 

It  may  be  hoped,  that  Mr  Campbell' s  Succefs  in  this  Experiment, 

and  the  little  Trouble  there  is  in  making  it,  will  induce  thofe  Gentle¬ 
men  who  may  hereafter  carry  Pendulum-Clocks  into  diftant  Countries, 
to  attempt  a  Repetition  of  it  after  his  manner  *,  that  is,  by  keeping  or 
reftoring  the  Pendulums  of  their  Clocks  to  the  fame  Length  in  the 
different  Places,  and  carefully  comparing  them  with  the  Heavens,  and 
'  at  the  fame  Time  taking  notice  of  the  different  Degrees  of  Heat,  by 
means  of  a  Thermometer.  From  a  Variety  of  fuch  Experiments,  we 
fhould  be  enabled  to  determine  how  far  Sir  L  Newton's  Theory  is  con¬ 
formable  to  Truth,  with  much  greater  Certainty  than  from  thofe  Trials 
which  are  made  by  aftually  measuring  the  Lengths  of  limple  Pendulums  ; 
becaufe  a  Difference  of  Part  °1  an  Inch>  in  the  Length  of  a  Pen- 
dulum,  correfponds  to  ii;  /  in  a  Day  ;  and  it  being  eafy  to  obferve 
how  much  a  Clock  gains,  or  lofes  in  a  Day,  even  to  a  Tingle  Second  ; 
it  is  certain,  that  by  means  of  a  Clock,  compared  in  the  manner  above- 
mentioned,  we  may  diftinguifh  a  Difference  (in  the  Lengths  of  Ifo- 
chronal  Pendulums)  of  Part  of  an  Inch,  or  lefs  *,  whereas  it  will 
be  fcarce  poflible  to  meafure  their  true  Lengths,  without  being  liable 
to  a  greater  Error  than  that.  Belides,  by  taking  Notice  how  much  a 
Clock  gains,  or  lofes,  upon  the  falling  or  rifing  of  a  Thermometer, 
we  can  better  allow  for  the  different  Degrees  of  Heat  in  this,  than  in 
the  other  Method  of  making  the  Experiment,  by  adtual  Meafurement  y 
fince  it  may  not  be  eafy  to  determine  how  much  the  Meafure  itfelf, 
which  we  make  ufe  of,  will  be  lengthened  by  different  Degrees  of  Heat. 

For  thefe  Reafons,  I  efteem  Mr  Campbell' s  Experiment  to  be  the  moft 
accurate  of  all  that  have  hitherto  been  made,  and  propereft  to  determine 
the  Difference  of  the  Gravity  of  Bodies  in  different  Latitudes  s.  and 
therefore  I  fhall  fubjoin  a  Table,  which  I  computed  from  it,  containing 
the  Difference  of  the  Length  of  a  Ample  Pendulum,  Twinging  Seconds 
at  the  JEquator,  and  at  every  5th  Degree  of  Latitude,  together  with, 
the  Number  of  Seconds  that  a  Clock  would  gain  in  a  Day,  in  thofe; 
feveral  Latitudes,  fuppofing  it  went  true,  when  under  the  ^Equator  j, 
by  means  of  which  any  one  may  readily  compare  other  the  like  Ob- 
fervations  with  his  j  and  thereby  difcover  whether  the  Alteration  of 
Gravity  in  all  Places  be  uniform,  and  agreeable  to  the  Rule  laid  down 
by  Sir  I.  Newton  or  not. 
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10 
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153-  2 
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0.  1549 
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2  6.  7 
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0.  1696 
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25 

0.  0369 

40«  8 

70 

O.  1824 

201.  b 

3° 

0.  0516 

57 • 1 

75 

0.  1927 

213.  0 

35 

O.  0679 

75-  i 

So 

O.  2003 

221.  4 

40 

0.  0853 

94*  3 

85 

O.  2050 

226.  5 

45 

0.  1033 

1 14.  1 

90 

O.  2065 

228.  3 

2,  The  preceding  Article  brought  to  my  Mind  fome  Experiments 
I  made  fome  Years  ago,  that  may  be  of  Ufe  in  Obfervations  of  this 

The  firft  that  I  fhall  take  notice  of,  fhall  be  fome  Experiments  I 
made  in  the  Year  1704,  with  excellent  Inftruments,  concerning  the 
Vibrations  of  Pendulums  in  Vacuo  *.  The  Sum  of  which  is,  That  the 
Vibrations  in  Vacuo  were  larger  than  in  the  open  Air7  or  Receiver 
unexhaufted  :  Alfo  that  the  Enlargement  or  Diminution  of  the  Vibra¬ 
tions,  was  conflantly  in  Proportion  to  the  Quantity  of  Air,  or  Ra¬ 
rity  or  Denfity  thereof,  which  was  left  in  the  Receiver  of  the  Air- 
Pump.  And  as  the  Vibrations  were  larger  or  fhorter,  fo  the  Times 
were  augmented,  or  diminifhed  accordingly;  viz.  2rl  in  an  Hour 
flower,  when  the  Vibrations  were  larged,  and  lefs  and  lefs,  as  the  Air 

was  re-admitted,  and  the  Vibrations  fhortened. 

But  notwithftanding  the  Times  were  flower,  as  the  Vibrations  were 
lamer  vet  I  had  Reafon  to  conclude,  that  the  Pendulum  really  moved 
quicker  in  Vacuo,  than  in  the  Air,  becaufe  the  fame  Difference,  or  En¬ 
largement  of  the  Vibrations  (as  two  Tenths  of  an  Incn  on  a  Side)  would 
caufe  the  Movement,  inftead  of  211  in  an  Hour  to  go  6  or  f  flower 
in  the  fame  Time  v  as  I  found  by  nice  Experiments. 

The  next  Experiments  I  fhall  mention,  I  made  at  federal  Times,  in 
170/;,  1706, and  !  712,  by  the  Help  of  a  good  Month  Piece  thatfwings 
Seconds  The  Weight  that  then  drove  it,  was  about  12  or  13  Id,  ano 
it  kept  Time  exaftly  by  the  Sun’s  mean  Motion :  But  by  hanging  on 
more,  the  Vibrations  were  enlarged  ;  yet  the  Clocn  gained  but 

13 And  i'the  InSe  or  Diminution  of  the  Power  that  drives  the 
Clock,  doth  accelerate  or  retard  it’s  Motion  ;  fo,  no  ooubt,  uotu 
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Cleannefs  or  Foulnefs  affeft  it,  and  fo  doth  Heat  and  Cold  \  for  all  have 
the  fame  Effedl  upon  the  Pallets  and  Pendulum. 

The  1  aft  Experiments  I  fhall  mention/  I  made  in  1716  and  1718, 
to  try  what  Effedls  Heat  and  Cold  had  upon  Iron  Rods  of  the  fame 
Length,  or  as  near  as  I  could  to  thofe  that  fwing  Seconds.  I  made  my 
Experiments  with  round  Rods  of  about  i  of  an  Inch  Diameter,  and  with 
fquare  Rods,  of  about  i  of  an  Inch  Square.  The  Effects  on  both  which 
were  the  fame. 

At  firft  I  took  the  exa<5t  Length  of  the  Rods,  in  their  natural  Temper. 
Then  I  heated  them  as  well  as  I  could  in  a  Smith’s  Fire,  from  End  to 
End  nearly  to  a  Flaming  Heat  \  by  which  means,  they  were  lengthened 
~  of  an  Inch.  Then  I  quenched  them  in  cold  Water*,  which  made 
them  ~  of  an  Inch  fhorter  than  in- their  natural  State. 

Then  I  warmed  them  to  (as  near  as  I  could  guefs)  the  Temper  of  my 
Body  *,  by  which  means  they  were  about  —  of  an  Inch  longer  than  in 
their  natural  Temper. 

Afterwards  I  cooled  them  in  a  ftrong  frigoriflek  Mixture  of  common 
Salt  and  Snow,  which  fhortened  them  7—  Parts  of  an  Inch. 

Afterwards  I  meafured  thefe  Rods,  when  heated  in  an  hot  Suny 
which  lengthened  them  ^  Parts  of  an  Inch  more  than  their  natural 
Temper. 

All  thefe  Experiments  feem  to  concur  in  refolving  the  Phaenomenon 
of  Pendulum-Clocks  going  flower  under  the  ALquator  than  in  the  Latitudes 
from  it:  But  yet  I  confefs,  that  I  have  too  good  an  Opinion  of  Sir 
1.  Newton's  Notion  of  the  Sphaeroidal  Figure  of  the  Earth ,  to  part  eafily 
with  it ;  and  therefore  I  leave  it  to  the  Confideration  of  others,  how 
far  the  Figure  of  the  Earth,  and  how  far  Heat  and  Cold,  and  the  Rarity 
and  Denftty  of  the  Air,  are  concerned  in  that  Phaenomenon. 

IV.  1.  The  two  Clocks  upon  which  the  following  Obfervations  were 
made,  Being  defigned  for  Regulators,  particular  Care  was  taken  to 
have  every  Part  made  with  all  poffible  Exadtnefs  :  The  two  Pendulums 
were  hung  in  a  manner  different  from  what  is  ufual ;  and  fo  difpofed, 
that  the  Wheels  might  a<ff  upon  them  with  more  Advantage.  Upon 
Trial  they  were  found  not  only  to  move  with  greater  Freedom  than 
common,  but  an  heavier  Pendulum  was  kept  in  Motion  by  a  fmaller 
Weight.  They  were  in  every  refpedt  made  as  near  alike  as  pofTible. 
The  Ball  of  each  of  the  Pendulums  weighed  above  23  ife  ;  and  required 
to  be  moved  about  i°  from  the  Perpendicular,  before  the  Teeth  of  the 
fwing  Wheel  would  fcape  free  of  the  Pallets ;  that  is,  before  the  Clocks 
would  be  fet  a-going.  The  Weight  to  each  was  3  fb,  which  would 
caufe  either  of  the  Pendulums  in  their  Vibrations  to  deferibe  an  Arch 
of  30.  The  two  Clocks  were  each  in  Cafes,  which  fhut  very  clofe,  and 
placed  Sideways  to  one  another,  fo  near  that  when  the  Pendulums  were" 
at  Reft,  they  were  little  more  than  about  2  Feet  afunder.  The  odd 
Phenomena  obferved  in  them  were  thefe:  In  lefs  than  2  Hours  after  they 
were  fet  a-going,  one  of  them  (which  I  call  N°  1.)  was  found  to  ftop  ; 
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and  when  fet  a-going  again,  (as  it  was  feveral  times)  would  never  con¬ 
tinue  going  two  Hours  together.  As  it  had  always  kept  going  with 
great  Freedom,  before  the  other  Clock  (which  I  call  N°  2.)  was  placed 
near  it,  this  led  me  to  conceive  it’s  flopping  mull  be  owing  to  fome 
Influence  the  Motion  of  one  of  the  Pendulums  had  upon  the  other ;  and 
upon  watching  them  more  narrowly,  I  found  the  Motion  of  N°  2.  to 
increafe  as  N°  1.  diminifhed  ;  and  at  the  time  N°  1.  flopped,  N°  2. 
defcribed  an  Arch  of  50,  that  is  nearly  20  more  than  it  would  have 
done,  if  the  other  had  not  been  near  it,  and  more  than  it  did  move  in  a 
fliort  time  after  the  other  Pendulum  came  to  be  at  Red  :  This  made  me 
imagine  that  they  had  a  mutual  Influence  upon  each  other.  Upon  this 
I  flopped  the  Pendulum  of  N°  2.  leaving  it  quite  at  Reft,  and  fet 
N°  1.  a-going,  the  Pendulum  defcribing  as  large  an  Arch  as  the  Cafe 
would  permit,  viz.  about  50.  In  about  20  Minutes  after,  I  went  to 
obferve  whether  there  was  any  Motion  communicated  to  the  Pendulum 
N°2.  when,  to  my  great  Surprize,  I  found  the  Clock  going,  and  the  Pen¬ 
dulum  to  delcribe  an  Arch  of3°,  whereas  at  the  fame  time  N°  1.  did 
not  move  4°.  In  about  half  an  Hour  after,  NQ  1.  flopped,  and  the 
Motion  of  N°  2.  was  increafed  to  very  near  50.  I  then  flopped  N-°  2. 
a  iecond  time,  and  fet  N°  1.  a-going,  as  before;  and  flanding  to 
obferve  them,  I  prefently  found  the  Pendulum  of  N°  2.  to  begin  to? 
move,  and  the  Motion  to  increafe  gradually,  till  in  iy!  40^  it  defcribed 
an  Arch  of  2°  io!,  at  which  time  the  Wheel  difcharging  itfelf  of  the 
Pallets,  the  Clock  went.  The  Arches  of  the  Vibrations  continued  to 
increafe,  till  (as  in  the  former  Experiment),  the  Pendulum  moved  50  ; 
the  Motion  of  the  Pendulum  N°  1.  gradually  decreafing  all  the  while, 
as  the  other  increafed  ;  and  in  three  Quarters  of  an  Hour  after,  it  flopped. 

I  then  left  the  Pendulum  of  N°  1.  at  Reft,  and  fet  N°  2.  a-going, 
making  it  defcribe  an  Arch  of  50  ;  it  continued  to  vibrate  lefs  and  lefs,. 
till,  it  defcribed  but  about  30  ;  in  which  Arch  it  continued  to  move  all 
the  time  I  obferved  it,  which  was  feveral  Hours.  The  Pendulum  of 
N°  1.  feemed  but  little  affedled  by  the  Motion  of  N°  2.  I  tried  thefe 
Experiments  feveral  times  over,  without  finding  any  remarkable 
Difference.  /The  freer  the  Room  was  from  any  Motion  (as  Peoples 
walking  about  in  it,  &jV.)  I  found  the  Experiments  to  fucceed  the  better  ; 
and  once  I  found  N°  2.  fet  a-going  in  i6;  20^,  and  Nq  1,  at  that 
time  flopped  in  36'  40^. 

2.  In  my  former  Account  I  took  Notice,  that  the  two  Clocks  were  —Further  01 
in  feparate  Cafes,  and  that  the  Backs  of  them  refted  againft  the  fame  'fervaUom  an* 
Rail;  that  the  Pendulums,  when  at  Reft,  were  about  2  Feet  a  funder,  Experiments; 
and  weighed  about  23  ib  each,  and  were  madeto  move  with  fuch  Free-  ibid' 2% 
dom,  that  a  Weight  of  3  fb  would  caufe  either  of  the  Pendulums  to 
defcribe  an  Arch  of  three  Degrees.  The  moil 'remarkable  Particulars 
then  obferved  in  them  were  thefe :  If  the  Pendulum  of  one  of  the  Clocks, 
which  (for  Biftindtion  fake)  1  called  N°  2.  was  left  at  Reft,  and  that 
of  the  other,  which  leaded  N°  1.  was  fet  a-going,  this  would,  in  about 
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16  Minutes,  communicate  fo  great  a  Quantity  of  Motion  to  N°  2.  as 
would  make  it's  Pendulum  defcribe  an  Arch  of  above  two  Degrees, 
and  would  fet  the  Work  a-going :  That  the  Motion  of  the  Pendulum  of 
N5  1.  conflantly  decreafed  as  that  of  N°  2.  increafed,  and  after  about  30 
Minutes  it  did  not  defcribe  an  Arch  fufficient  to  free  the  Teeth  of  the 
Wheel  from  the  Pallets,  fo  that  the  Clock  flopped.  At  the  fame  time 
the  Pendulum  of  N°  2.  defcribed  an  Arch  of  five  Degrees,  which  was 
two  Degrees  more  than  it  would  have  done,  had  it  not  been  affedted  by 
the  Motion  of  N°  1.  Upon  leaving  the  Pendulum  of  N°  1.  at  Reft, 
and  fetting  N°  2.  a-going,  the  Pendulum  of  N°  1.  was  found  to  be 
but  little  affedted,  and  never  moved  fufficiently  to  fet  the  Work  a-going. 
Thefe  feemingly  different  Effedls,  which  the  two  Clocks  had  upon  each 
other,  I  (hall  now  endeavour  to  account  for. 

The  Manner  in  which  the  Motion  is  communicated  to  the  Pendulum 
at  Reft,  I  conceive  to  be  thus :  As  the  Pendulums  are  very  heavy,  when 
either  of  them  is  fet  a  going,  it  occafions  by  it’s  Vibrations  a  very  fmall 
Motion,  not  only  in  the  Cafe  the  Clock  is  fixed  in,  but,  in  a  greater 
or  leffer  Degree,  in  every  thing  it  touches ;  and  this  Motion  is  com¬ 
municated  to  the  other  Clock,  by  means  of  the  Rail,  againft  which  both 
the  Cafes  bear.  The  Motion  thus  communicated,  which  is  too  fmall 
to  be  difcovered  but  by  means  of  fome  fuch-like  Experiments  as  thefe, 
will,  I  doubt  not,  be  judged  by  many,  infufficient  to  make  fo  heavy  a 
Pendulum  defcribe  an  Arch  of  2°,  or  large  enough  to  fet  the  Work  a- 
going  *,  and  indeed  it  would  be  fo,  but  for  the  very  great  Freedom  with 
which  the  Pendulum  is  made  to  move,  arifing  from  the  Manner  in  which 
it  is  hung.  This  appears  from  the  very  fmall  Weight  required  to  keep 
it  going,  which,  when  the  Clock  was  firftput  together,  was  little  more 
than  one  }£>.  And  if  the  Weight  was  taken  off,  and  the  Pendulum 
madeto  fwing  two  Degrees,  it  would  make  1200  Vibrations  before  it 
decreafed  half  a  Degree,  fo  that  it  would  not  lofe  the  j—  part  of  an 
Inch  in  each  Vibration.  Indeed  if  the  Weight  was  hung  on,  the 
Friction  would  be  increafed,  and  the  Pendulum  would  not  move  quite 
lo  freely  ;  but  even  in  that  Cafe  it  was  found  to  lofe  but  little  more  than 
the  To^oo"  Part  °f  an  Inch,  or  about  three  Seconds  of  a  Degree,  in  one 
Vibration*,  and  therefore  if  the  Motion  communicated  to  it  from  the 
other,  will  make  it  defcribe  an  Arch  exceeding  3",  the  Vibrations  muft 
continually  increafe  till  the  Work  is  feta-going.  And  that  the  Motion 
is  communicated  in  the  manner  above  fuppoied,  is  confirmed  by  the 
following  Experiments : 

A  Prop  was  fet  againft  the  Back  of  the  Cafe  of  N°  2.  to  prevent  it’s  bear¬ 
ing  againft  the  Rail ;  and  N°  1.  was  fet  a-going  *,  then  obferving  them  for 
feveral  Flours,  I  could  not  perceive  the  leaft  Motion  communicated  toN°2. 
I  then  let  both  the  Clocks  a-going,  and  they  continued  going  feveral 
Days  i  but  I  could  not  find  they  had  any  Influence  upon  each  other.  In- 
head  of  the  Prop  againft  the  Back  of  the  Cafe,  I  put  Wedges  under  the  Bot¬ 
toms  of  both  the  Cafes,  to  prevent  their  bearing  againft  the  Rail  5  and  ftuck 
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aPiece  of  Wood  between  them,  juft  tight  enough  to  fupport  it’s  own 
Weight.  Then  fetting  N°  i.  a-going,  I  found  the  Influence  fo  much 
increafed,  that  N°  2.  was  feta-going  in  lefs  than  fix  Minutes,  and  N°  1, 
flopped  in  about  fix  Minutes  after.  In  order  to  try  what  Difference 
would  arife,  if  the  Clocks  were  fixed  on  a  more  folid  Floor,  1  placed 
them  (exa6tly  in  the  fame  manner  as  in  the  laft  Experiment)  upon  the 
Stone  Pavement  under  the  Piazza’s  of  the  Royal  Exchange ,  and  ftuck 
the  Piece  of  Wood  between  them,  as  before  ;  and  fetting  N°  1.  a-going, 
the  only  Difference  I  could  perceive,  was,  that  it  was  15  Minutes  be¬ 
fore  N°  2.  was  fet  a-going,  and  NQ  1.  continued  going  near  half  an 
Hour  before  it  Hopped.  From  thefe  Experiments  1  think  it  plainly 
appears,  that  the  Pendulum  which  is  put  in  Motion,  as  it  moves  to  wards 
either  fide  of  the  Cafe,  makes  the  Prefifure  upon  the  Feet  of  the  Cafe 
to  be  unequal,  and,  by  it’s  W eight,  occafions  a  fmall  Bearing  or  Motion 
in  the  Cafe  on  that  Side  towards  which  the  Pendulum  is  moving  *,  and 
which,  by  the  Interpofition  of  any  folid  Body,  will  be  communicated 
to  the  other  Clock,  whofe  Pendulum  was  left  at  Reft.  The  only  Ob¬ 
jection  to  this,  I  conceive,  is  the  different  EffeCls  which  the  two  Pen¬ 
dulums  feemed  to  have  upon  each  other.  But  this  I  hope  to  explain  to 
Satisfaction. 

For,  notwithftanding  thefe  different  Effects,  I  foon  found,  by 
feveral  Experiments,  that  the  two  Clocks  mutually  affeCled  each  other, 
and  in  the  fame  Manner,  though  not  with  equal  Force ;  and  that  the 
Varieties  obferved  in  their  AClions  upon  each  other,  arofe  from  the  un¬ 
equal  Lengths  of  their  Pendulums  only. 

For,  upon  moving  one  of  the  Clocks  to  another  Part  of  the  Room* 
and  fetting  them  both  a-going,  I  found  that  NQ  2.  gained  of  N°  1. 
about  one  Minute  36  Seconds  in  24  Hours.  Then  fixing  both  againft 
the  Rail,  as  at  firft,  I  fet  them  a-going,  and  made  the  Pendulums  to 
vibrate  about  four  Degrees  ;  but  I  foon  obferved  that  of  N°  1.  to  increafe 
and  that  of  N°  2.  to  decreafe;  and  in  a  ftiort  time  it  did  not  defcribe 
an  Arch  large  enough  to  keep  the  Wheels  in  Motion.  In  a  little  time 
after  it  began  to  increafe  again,  and  in  a  few  Minutes  it  defcribed  an 
Arch  of  two  Degrees,  and  the  Clock  went.  It’s  Vibrations  continued 
to  increafe  for  a  confiderable  Time,  but  it  never  vibrated  four  Degrees, 
as  when  firft  fet  a-going.  Whilft  the  Vibrations  of  N°  2.  increafed, 
thofe  of  N°  1.  decreafed,  till  the  Clock  flopped,  and  the  Pendulum 
did  not  defcribe  an  Arch  of  more  than  one  Degree  30  Minutes,  It  then 
began  to  increafe  again,  and  N°  2.  decreafed,  and  flopped  a  fecond 
time,  but  was  fet  a-going  again,  as  before.  After  this  NQ  1.  flopped 
a  fecond  time,  and  the  Vibrations  continued  to  decreafe  till  the  Pendu  ¬ 
lum  was  almoft  at  Reft.  It  afterwards  increafed  a  fmall  matter,  but 
not  fufficiently  to  fet  the  Work  a-going.  But  N°  2.  continued  going, 
it’s  Pendulum  defcribing  an  Arch  of  about  three  Degrees. 

Finding  them  to  aCl  thus  mutually  and  alternately  upon  each  other, 
I  fet  them  both  a-going  a  fecond  time,  and  made  the  Pendulums 
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defcribe  as  large  Arches  as  the  Cafes  would  permit.  During  this  Ex¬ 
periment,  as  in  the  former,  I  fometimes  found  the  one,  and  at  other 
times  the  contrary  Pendulum  to  make  the  largeft  Vibrations.  But  as 
they  had  fo  large  a  Quantity  of  Motion  given  them  at  firft,  neither  of 
them  loft  fo  much  during  the  Period  it  was  aded  upon  by  the  other,  as 
to  have  it’s  Work  flopped,  but  both  continued  going  for  feveral  Days 
without  varying  one  Second  from  each  other  *,  though  when  at  a  Diftance, 
as  was  before  obferved,  they  varied  one  Minute  30  Seconds  in  24  Hours, 
Whilft  they  continued  thus  going  together,  I  compared  them  with  a 
third  Clock,  and  found  that  N°  1.  went  U17"  fafter,  and  N°  2, 
ip/'  flower,  than  they  did  when  placed  at  a  Diftance,  io  as  to  have  no 
Infiuence  upon  each  other. 

Upon  altering  the  Lengths  of  the  Pendulums,  I  found  the  Period 
in  which  their  Motions  increafedand  decreafed,  by  their  mutual  Acbon 
upon  each  other,  was  changed  *  and  would  be  prolonged  as  the  Pen¬ 
dulums  came  nearer  to  an  Equality,  which  from  the  Nature  of  the 
Adion  it  was  reafonable  to  expect  it  would.  This  dilcovers  the  Reafon 
why  the  Pendulum  of  N°  2.  when  left  at  Reft,  would  be  fet  a-going 
by  the  Motion  of  N°  1.  whereas  if  N°  1.  was  left  at  Reft,  it  would 
not  be  fet  a-going  again  by  the  Motion  of  N°  2. 

For  I  found  by  feveral  Experiments,  that  the  fame  Pendulum,  when 
kept  in  Motion  by  a  Weight,  would  go  fafter,  than  when  it  only  moved 
by  it’s  own  Gravity.  On  this  Principle,  which  may  eafily  be  account¬ 
ed  for,  it  follows,  that  during  the  Time  in  which  the  ftiorteft  Pendulum, 
N°  2,  was  only  aded  upon  by  N°  1.  it  would  move  flower,  and  the 
Times  of  it’s  Vibrations  approach  nearer  to  an  Equality  with  thofe  of 
N°  i.  than  after  it  came  to  be  kept  in  Motion  by  the  Weight ;  and  by 
this  means  the  Time  which  N°  1.  would  continue  to  ad  upon  it,  would 
be  prolonged,  and  be  more  than  was  required  to  make  the  Pendulum 
defcribe  an  Arch  fufficient  to  fet  the  Work  a-going.  But  on  the  contrary, 
while  the  Pendulum  of  N°  1.  which  v/as  the  longed,  was  only  aded 
upon  by  N°  2.  as  it  would  move  flower,  the  Difference  of  the  Times 
of  the  Vibrations  would  be  increafed  •,  and  confequently  the  Time  which 
NQ  2.  would  continue  to  ad  upon  it,  would  for  this  Caufe  befhortened, 
fo  that  before  the  Pendulum  of  N°  1.  would  defcribe  an  Arch  diffident 
to  fet  the  Work  a-going,  the  Period  of  ids  being  aded  upon  would  be 
ended,  and  it  would  begin  to  ad  upon  NC)  2.  at  which  time  it’s  Vibra¬ 
tions  would  immediately  decreafe,  and  continue  to  do  fo  till  it  came 
to  be  almoft  at  Reft.  And  thus  it  would  continue  fometimes  to  move 
more,  and  at  other  times  lefs,  but  never  diffidently  to  fet  the  Clock 


a-going,  *  *  '  ■ 

Some  Confide  r  a-  V.  The  Method  ufed  in  difcovering  the  centrifugal  Force  has  always 
thns,  whether  been,  to  compare  Obfervations  made  in  Countries  lying  atavaft  Diftance 
Pendulums  are  from  each  other.  But  I  have  begun  to  think,  whether  the  dune  end 
difiurbed  h  ^  might  not  be  obtained,  tho3  them  v/as  no  Diftance  of  Country  between 

iVrffXu 0.  the  Obfervations  made.  But  in  order  to  explain  my  Thoughts  the  more 

eafily. 
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eafily,  I  fhall  begin  with  mentioning  what  the  learned  Huygens  has  laid 
down,  in  his  Differ  tat  ion  on  the  Caufe  of  Gravity,  when  he  endeavoured 
to  difcover  how  much  a  Pendulum  ought  to  be  fhortened,  which  is 
carried  from  France  to  the  Equator.  But  as  his  Figure  is  fo  conftru&ed, 
that  all  the  Lines  feem  to  be  in  the  fame  Plane,  I  have  endeavoured  to 
form  a  new  Scheme  to  reprefcnt  fcenographically  a  Part  of  an  armillary 
Sphere,  which  will  help  the  Imagination  better,  and  at  the  fame  Time 
be  more  convenient  for  the  Addition  of  thofe’ Parts,  which  ferve  to 
explain  what  I  propofe. 

The  Circle  P  A  QE  (fays  Huygens )  'represents  the  Earth,  cut  by  a  Plane 
faffing  thro’  each  Pole  P  (^(therefore  this  Circle  will  be  a  Meridian).  The 
Centre  is  C :  the  Equino  Fit  al  Circle  E  F  A  G :  The  Parallel  of  Paris  DNO: 
Paris  D:  KH  reprefents  a  Rope  fuff  anting  a  leaden  Freight  H:  which 
recedes  from  the  Perpendicular  K  D  C,  becaufe  it  is  thrown  back  by  the 
circular  Motion ,  according  to  the  Line  D  M,  which  Ifuppofe  to  pafs  thro * 
the  Weight  H.  Now  DM  is  a  Tangent  to  the  Circle  DNO,  the 
Parallel  of  Paris ,  in  the  Point  D. 

Now  if  we  would  know  what  Jhould  be  the  Situation  of  the  Thread  K  PI, 
and  how  much  lefs  the  Lead  H  jhould  gravitate ,  than  if  it  hung  perpendi¬ 
cularly  according  to  K  D,  we  muff  confider  the  Point  FI,  as  if  drawn  by 
3  Threads  PI  C,  H  M,  H  K  ;  of  which  PI  C  draws  toward  the  Centre  of 
She  Earth  with  the  whole  Weight  which  the  Plummet  would  have ,  if  the 
Earth  flood  ftill :  IT  M  d  raws  according  to  ids  proper  Dire  Ft  ion,  with  the 
(centrifugal)  Force  given  by  the  Motion  of  the  Earth ,  in  the  Circle  DNO  r 
and  H  K  is  drawn ,  or  draws,  with  that  Force  which  is  fought.  Therefore 
if  C  PI  be  produced,  and  K  I.  drawn  parallel  to  D  M,  it  is  known  that 
the  3  Sides  of  the  Triangle  PI  L  K  are  proportional  to  the  Powers  which 
draw  the  Point  PI;  and  that  the  Side  L  IT  anfwers  that  which  draws 
by  PI  C  ;  the  Side  K  L  to  that  which  draws  ^HM;  and  the  Side  PI  K 
to  that  which  draws  or  fuftains  the  Plummet  by  the  Thread  K  H.  But  the 
Triangle  K  D  H  is  imagined  to  have  ids  Sides  equal  to  the  Sides  of  the 
Triangle  PI  L  K  ;  becaufe  CHL  is  as  it  were  parallel  to  C  D  K.  There¬ 
fore  the  Sides  of  the  Triangle  K  D  PI  anfwer  to  the  fame  Powers  :  namely , 
the  Side  KD/s  the  abfolute  Gravity  of  the  Weight  PI,  which  it  would  have , 
if  the  Earth  flood  immoveable  ;  D  IT  to  the  Power  which  the  daily  Motion 
(producing  the  centrifugal  Force  by  the  Tangent  D  M)  gives  it  ;  and 
K  PI  to  the  Gravity  fought.  But  I  confider  the  Power  of  the  centrifugal 
Force,  namely  that  which  anfwers  to  the  Tangent  D  FL 

Thus  far  I  have  laid  down  from  Huygends  Method  what  greatly  relat¬ 
ed  to  my  Purpofe  ;  but  fo  far  only  as  is  necejjary  to  confider  the  Plummet 
H,  as  drawn  by  the  3  Threads  FI  C,  H  M,  IT  K  ;  when  the  Plum¬ 
met  H  is  held  immoveable  by  thefe  3  Threads,  or  by  thefe  3  Powers. 
But  if  it  muft  be  moved  ;  that  is,  if  the  Pendulum  ofciilates  ;  I  fufpedt 
that  new  Confiderations  muft  be  had  of  that  Motion  of  Ofcillation :  There¬ 
fore  I  fhall  make  a  ftep  towards  them,  and  now  treat  of  the  Parts,  which 
muft  beadded  to  the  Figure, 
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But  before  I  fpeak  of  thefe,  I  fliall  obferve,  that  I  have  made  ufe  of  a 
Figure  accurately  formed  of  folid  Parts  of  a  thicker  iron  Wire.  I  fhall 
alfo  obferve  (confidering  the  Hypothecs  of  the  Earth’s  being  moved)  that 
one  and  the  fame  Arch  is  not  perfedly  defcribed  in  the  fame  Plane,  in 
one  Ofcillation  of  the  Pendulum ,  from  it’s  Centre  •,  and  at  the  fame  time, 
as  the  differences  thence  arifing  do  not  diflurb  my  Purpofe,  that  I  may 
fafely  neglect  them, 

With  regard  to  my  Figure,  I  defire  it  may  be  perfectly  underflood, 
that  thro’  the  Point  H  a  Plane  is  drawn  parallel  to  the  Meridian 
P  A  QJE,  and  that  in  this  Plane  an  Arch  is  marked  BTY;  which, 
when  the  Pendulum  K  H  ofcillates  in  fuch  a  manner,  that  the  Centre  of 
the  Plummet  H  never  departs  from  that  Plane,  w&uld  be  defcribed  by 
the  fame  Centre  in  the  fame  Plane.  Let  this  Arch  B  T  V  be  called  the 
firfl  Arch. 

Then  imagine  another  Plane  to  be  extended  thro*  the  Tangent  D  M 
and  the  Radius  D  C,  and  the  Arch  R  I  S  to  be  delineated  on  this  Plane, 
which,  when  the  Pendulum  K  H  ofcillates  in  fuch  a  manner,  that  the 
Centre  of  the  Plummet  H  never  departs  from  this  Plane,  would  be  de» 
fcribed  from  the  fame  Centre  in  this  Plane.  Now  it  is  manifeft,  that 
thofe  2  Arches  B  T  V,  R  I  S  interfed  each  other  in  right  Angles 
at  H. 

Thefe  things  being  thus  laid  down,  two  Cafes  worthy  of  particular 
Attention  occur  ;  or  2  Directions  of  ofcillating  Pendulums  are  chiefly  to 
be  confidered  :  one  by  the  firfl  Arch  B  T  V,  the  other  by  the  fe- 
cond  R  I  S. 

As  to  the  firfl ;  when  the  Pendulum  ofcillating  by  the  firfl  Arch 
BTV,  is  moved  in  a  Plane  which  is  always  equidiflant,  by  the  Space 
of  the  Length  of  the  Line  D  H,  or  is  alwrays  fo  much  diftant  as  the 
value  of  the  whole  centrifugal  Force  by  the  Tangent  DH;  it  feems  to 
be  clear  in  this  cafe,  that  the  Power  of  the  centrifugal  Force  by  D  H, 
the  Power  of  the  Gravity  by  FI  C,  and  the  Power  of  the  Thread  by 
H  K,  notwithflanding  the  Ofcillation  of  the  Pendulum,  are  always 
tempered  together  by  the  fame  Proportion,  which  Huygens  has  explain¬ 
ed,  ferving  alfo  to  keep  the  Pendulum  immoveable,  as  I  mentioned 
before. 

As  to  the  other ;  in  which  the  Pendulum  is  moved  by  the  fecond 
Arch  R  I  S  in  the  fame  Plane,  in  which  the  Line  of  Diredion  of  the 
centrifugal  Force  is  D  M.  In  this  Cafe  that  Force  does  not  feem  to  ad, 
fo  as  to  endeavour  to  draw  the  Centre  of  the  Plummet  H  from  this 
it’s  Plane  *,  but  whilfl  the  Pendulum  tends  from  R  to  S,  this  Force  feems 
alfo  (as  it  ads  in  the  fame  Plane  by  it’s  Diredion  from  D  to  M)  to  concur 
in  increafing  the  Motion  of  the  Pendulum.  But,  on  the  contrary,  whilft 
the  Pendulum  retires  from  S  to  R,  that  Force  feems,  by  it’s  Diredion 
irom  D  to  M,  to  retard  the  Motion  of  the  Pendulum. 

Therefore  the  proper  Motion  of  the  Pendulum,  or  that  which  would 
be  referred  to  one  central  Gravity  ading  according  to  D  C,  in  the  firfl: 

Cafe 
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Cafe  of  the  Excurfion  by  the  Arch  B  T  V,  is  varied  by  the  centrifugal 
Force,  becaufe  it  is  affefted  by  the  Motion  arifing  thro’  D  H,  from 
that,  centrifugal  Force,  with  which  Motion  it  muft  neceffarily  be  com¬ 
pounded.  But  in  the  fecond  Cafe  of  the  Excurfion  by  the  Arch  R  1  S, 
it  is  varied,  becaufe  in  one  entire  Excurfion  towards,  it  is  accelerated 
by  the  fame  Force,  diretfted  from  DtoH;  but  it  is  retarded  alfo  by 
the  fame  Force  in  the  contrary  return  towards  the  oppofite  Side  R. 

Therefore  as  it  feems  confonant  both  to  Reafon  and  Calculation,  that 
the  Variation  made  in  the  Arch  B  T  V  is  not  equalled  by  that  made 
in  the  Arch  R  I  S  •,  it  alfo  becomes  probable,  that  there  muft  be  fonw 
difference  between  thofe  2  Cafes,  namely,  between  the  Motions  of  an 
ofcillating  Pendulum  according  to  the  fecond  Arch  R  I  S,  and  thofe 
according  to  the  firft  Arch  B  T  V. 

Thefe  few  things  being  now  propofed,  I  have  fufficiently  fhewn  what 
I  think  I  have  difcovered,  by  the  Obfervation  of  that  difference.  For 
I  think  I  have  difcovered  a  Method  of  finding,  by  the  help  of  Obferva- 
tions,  fomething  about  the  centrifugal  Force,  which  has  been  applied 
to  the  Rotation  of  the  Earth  about  it’s  own  Axis ,  tho’  no  Alteration 
of  Place  is  made  between  the  making  of  the  Obfervations. 

To  the  Cafe  of  the  firft  Arch  will  anfwer  a  Pendulum  placed  upon 
any  Meridian  Line,  fo  that  the  Ofcillations  may  be  made  as  near  as 
poffible  according  to  that  Line :  And  to  the  Cafe  of  the  fecond  Arch 
a  Pendulum  will  be  accommodated,  if  it  is  fo  placed,  that  the  Line  of 
the  Ofcillations  is  at  right  Angles  with  the  Meridian  Line.  We  might 
have  longer  Pendulums  to  our  Clocks  for  fuch  Experiments,  namely, 
of  the  Length  of  9  horary  Feet. 

VI.  Dr  Jurin  having  propofed  *  two  Queftions  in  Gunnery  to  be  ype  Report  of 
examined,  the  Society  was  pleafed  to  appoint  a  Committee  for  that  the  Committee 

Piimofe  V  the  Royal 

■^UIP0le-  „.  -  Society  ap. 

The  Queftions  were,  „  /  .  pointed  to 

1 .  Whether  all  the  Powder  of  the  Charge  he  fired,  before  the  Bullet  is  amine  fome 

fenftbly  moved  from  it’s  Place  ?  Queftions  in 

2.  Whether  the  Difiance  to  which  the  Bullet  is  thrown ,  may  not  become  Gunnery.  No. 

greater  or  lefs,  by  changing  the  Form  of  the  Chamber ,  though  the  Charge  of 

Powder  and  all  other  Circumfiances  continue  unchanged?  .  .1742, 

At  the  Meeting  of  the  Committee  it  was  propofed  to  divide  the  Firft 

Queftion  into  two  Parts. 

1.  Whether  all  the  Powder  of  the  Charge  be  fired  ? 

2.  Whether  all  the  Powder  that  is  fired ,  be  fired  before  the  Bullet  is 

fenftbly  moved  from  it's  Place?  .  ,  . 

As  to  the  Firft  part  of  the  Firft  Queftion,  the  Committee  ate  oj 

Opinion ,  that  all  the  Powder  of  the  Charge  is  not  fired. 

They  found  their  Opinion  upon  the  following  Experiments : 
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Pieces  or  Paper  tried  for  Hangings  were  laid  clofe  together  upon  the 

Ground,  to  the  Breadth  of  ten  Feet,  in  the  Line  of  a  Fowling-piece, 
between  it  and  a  Frame  of  10  Feet  fquare,  covered  over  with  Paper. 
Upon  pointing  the  Piece  towards  the  Middle  of  the  Frame,  and  dif- 
c barging  it  feveral  times  with  and  without  Ball,  feme  Powder  was  always 
colleded,'  but  mixed  with  a  great  deal  of  D.rt. 

It  is  however  to  be  obferved,  that  in  two  Experiments  made  the  22d 
of  July,  near  the  Artillery-Ground,  before  the  Prefident  and  fome  of 
the  Fellows  of  the  Society,  with-a  finer  fort  of  Powder,  in  a  Barrel  of  3 
Feet  9  Inches  in  Length,  and  i  of  an  Inch  Bore,  with  12  dwt.  of  Pow¬ 
der  the  fir  ft  time,  and  24  dwt.  the  fecond  Time,  without  Bali  or  Wad¬ 
ding,  no  Powder  could  be  found  fcattered  on  the  Paper  laid  before  the 
Piece,  nor  flicking  to  a  Board  at  the  Diftance  of  about  10  Feet,  againft 
which  the  Piece  was  pointed.  But  when  the  fame  Powder  was  fired  in 
a  fhorc  Barrel  of  5  —  Inches  in-  the  Chace,  either  with  or  without  Ball, 
fome  Quantity  of  Powder  was  always  collected. 

^  Other  Experiments  were  afterwards  made  before  the  Committee,  by 
tiring  a  Fowling-piece  charged  with  5  dwt.  of  Powder,  againft  a  Sheet 
of  whited  brown  Paper,  at  die  Diftance  of 2  or  3  Yards;  the  Paper 
was  found  pierced  with  feveral  Hundred  Holes,  and  the  Jags  of  the 
Paper  appeared  on  the  Backfide.  In  a  fecond  Trial  with  10  chfrt.  the 
Paper  had  more  Holes  in  it.  A  third;  Trial  was  made  with  %  dwt,  of 
Powder  and  Ball,  and  then  few  Holes  appeared  in  the  Paper.  In -a 
fourth  Experiment  made  withafhort  Screw-barrel  Piftol,  with  a  Charge 

of  1  dwt.  2  Grains  of  Powder  and  a  Ball,  feveral  Holes  were  found  in 
the  Paper  *. 

.  ^regularities  in  this  manner  of  collecting  the  Powder  unfired, 

giving  reafon  to  iufpefl,  that  fome  Powder  efcaped  tideways,  beyond 
the.  Papei  iaid  to  receive  it,  it  was  propofed  to  have  a  Machine  made, 
which  being  clofe  every  where  but  at  the  End  where  the  Muzzle  of  the 
1  iece  was  to  oe  placed,  might  thereby  hinder  the  Powder  from  being 
diffi pared.  Such  a  Machine  was  contrived  by  Mr  Elite Qt ,  and  by  him 
pie  fen  ted  to  the  Committee,  being  a  Frame  of  Wood  in  Shape  like  a 
truncated  quadrangular  Pyramid  ;  at  the  fmaller  End  was  a  Board  to 
receive  the  Shot,  and  the  4  Sides  of  the  Machine  were  covered  with 
thick  Paper  ftrongly  patted  together,  and  fo  prepared  as  to  prevent  it’s 
taking^  Eire.  This  Machine,  fupperted  by  Props,  was  placed  upon 
one  ^  s  Angles,  the.  Carriage  tor  fixing  the  Barrels  was  placed  clofe 
to  the  greater  Bafe,  which  was  left  open.  The  Refult  of  the  feveral 
Experiments  were  as  follows  : 

The  3  firft  Experiments  were  made  with  a  Barrel  E  0f  an  Inch  Diame¬ 
tri  of  the  Bore,  and  the  Length  of  the  Chace  5  —  Inches.  The  Charge 

That  the  Paper  in  thefe  Experiments  was  pierced  by  the  unfired  Powder,  appears, 
became  leveral  Grains  were  found  Jying  behind  the  Frame,  to  which  the  Paper  was 
hxed,  and  fome  few  ftuck  in  the  Paper. 

*  I 


colle&ed 


255 


MECMANICKS. 

each  time  was  6  dwt.  of  Powder  without  Ball  ;  the  Quantities  of  Powder 
colleded  were  refpe&ively,  i  dwt.  19  Grains;  1  dwt.  21  Grains;  and 
1  dwt.  20  Grains. 

Three  other  Experiments  were  made  with  the  fame  Piece,  and  with 
12  dwt.  Charge,  without  Ball.  The  Quantities  of  Powder  collected 
were  4 dwt.  18  Grains;  4  dwt .  2  i  Grains;  and  4  dwt.  22  Grains, 

The  next  3  Trials  were  with  the  fame  Piece,  the  Charge  6  dwt.  with 
a  Bail  weighing  one  Ounce  4  dwt,  being  a  Mixture  of  Lead  and  Tin,  and 
fitting  the  Piece  exactly. 

The  Quantities  of  Powder  collected  each  time  were  refpectively  x  dwt. 

5  Grains ;  1  dwt.  5  Grains;  and  1  dwt.  11  Grains. 

The  laft  3  Experiments  with  the  fame  Piece,  were  made  with  a  Charge 
of  12  dwt.  the  Weight  ot  the  Ball  as  before  ;  and  the  Quantities  of 
Powder  collected,  were  found  to  be  1  dwt.  12  Grains  ;  1  dwt.  9  Grains; 
and  1  dwt.  8  i  Grains. 

The  Waddings  ufed  in  all  thefeand  the  following  Experiments,  were 
of  thick  Leather  cut  round,  to  fit  the  Bore  of  the  Piece. 

1  he  Committee  then  proceeded  to  examine  what  Alteration  might  arife 
from  'a  greater  Length  of  Chace.  The  Experiments  in  this  Cafe  were 
made  with  a  Barrel  3  Foot  9  Inches  in  Length,  and  i  of  an  Inch  in 
the  Bore  ;  the  Charges  of  Powder,  and  Weight  of  leaden  Balls,  were 
as  before. 

In  the  firft  3  Experiments  with  6  dwt.  Charge,  without  Ball,  the 
Quantities  of  Powder  collected  were  3  Grains  ;  9  Grains ;  and  9  Grains, 
refpectively.  In  the  3  next  Experiments,  with  twelve  dwt.  Charge, 
without  Ball,  the  Quantities  or  Powder  collected  were  13  Grains; 

9  Grains;  and  16  2  Grains.  The  3  following  Experiments  were  with 

6  dwt.  Charge  and  a  Ball.  The  Powder  collected  was  2  Grains ; 
3  Grains  ;  and  2  Grains. 

The  laft  Experiments  were  made  with  12  dwt.  Charge  and  Ball  as 
before ;  the  Quantities  of  Powder  collected  from  2  Difcharges  were 
refpedtively,  2  Grains ;  and  4  |  Grains.  The  Frame  being  broke,  a 
third  Experiment  could  not  be  made. 

The  Powder  collected  after  the  feveral  Difcharges,  was  put  into 
feparate  Boxes ;  it  feemed  much  bruifed,  and  mixed  with  Dirt.  Yet 
feveral  of  the  Parcels  being  tried,  fired  with  brifk  Explofions;  and  fome 
of  the  Powder  collected  from  the  Experiments  with  the  fhort  Barrel, 
amounting  to  6  dwt.  16  Grains,  being  put  into  the  long  Barrel,  and 
fired  with  Ball,  went  off  with  a  ftrong  Report;  and  the  Ball  pierced 
the  Deal-board,  at  the  End  of  the  Frame,  and  penetrated  2  Inches  deep 
into  an  Elm-plank  placed  to  receive  the  Balls. 

.Some  Gentlemen,  prefent  at  thefe  Experiments,  fufpccTing  that  Part 
of  the  Powder  might  efcape  at  the  open  End  of  the  Frame  ;  the  fhort 
Barrel  was  fired  with  12  dwt.  of  Powder  and  Ball,  as  before;  through 
a  very  large  Funnel,  the  Quantities  found,  after  three  Difcharges,  were 
fcverally,  1  dwt .  2  Grains;  16  Grains  ;  and  15  Grains, 


Whereas 
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Whereas  upon  removing  the  Funnel,  and  difcharging  the  Piece,  as 
before,  i  dwt.  n  Grains  was  collected,  agreeably  to  former  Experi¬ 
ments;  it  feems  that  the  Funnel  had  a  like  EfFedt  as  lengthening  the 

Piece. 

Some  Experiments  were  alfo  made  with  the  fhort  Barrel,  filled  up 
with  Lead,  fo  as  to  leave  but  3  i  Inches  for  the  Chace,  the  Piece  being 
then  charged  with  12  dwt,  of  Powder  and  Ball,  as  before;  the  Surface 
of  the  Ball  was  but  ~  of  an  Inch  within  the  Mouth  of  the  Piece,  and 
the  Powder  collected,  after  3  Difcharges,  was  refpedtively,  2  dwt .  2 
Grains;  1  dwt .  17  Grains;  and  1  dwt.  11  Grains. 

The  Barrel  being  further  filled  up,  foas  to  leave  but  2  ~  Inches  for 
the  Chace,  and  charged  as  before,  the  Ball  rifing  about  j  of  an  Inch  be¬ 
yond  the  Mouth  of  the  Piece,  the  Powder  collected,  after  the  Difcharge, 
was  2  dwt.  6  Grains.  Upon  a  fecond  Trial,  the  Ball  being  as  much 
within  the  Mouth,  1  dwt.  16  Grains  was  colledled.  And  at  the  third 
Trial,  the  Ball  being  level  with  the  Mouth,  2  dwt .  6  Grains  were  again 
found.  .  * 

The  Committee  alfo  caufed  fome  Experiments  to  be  made  opthe 
Effect  of  a  Touch-hole  near  the  Forepart  of  the  Charge.  They  found 
upon  difcharging  the  fhort  Piece  of  5  ~  of  an  Inch  Chace,  the  Charge 
12  dwt.  and  Ball,  as  before,  the  Touch-hole  being  near  the  Fore-part  of 
the  Powder ;  the  Quantities  of  Powder,  feverally  collected,  were  1 
dwt.  7  i  Grains ;  1  dwt.  6  Grains ;  and  1  dwt.  4  Grains.  And  upon 
a  Difcharge  made  with  a  little  more  Powder,  which  filled  the  Barrel 
exactly  to  the  Edge  of  another  Touch-hole,  the  former  being  fcrewed 
up,  the  Quantity  colledted  was  1  dwt.  9  Grains. 

The  Effedt  of  firing  with  heavy  Slugs  was  alfo  examined  :  The 
Weight  of  the  Slugs  and  Quantities  of  Powder  collected,  were  as 
follows;  the  Charge  in  the  fhort  Barrel  being  12  dwt. 


Difcharge. 

Weight  of  Slugs. 

Powder  colle&ed 

Ounces. 

dwt. 

gr. 

dwt. 

gr. 

j 

-  —  2. 

I3* 

0. 

—  —  1. 

3- 

II.  • —  — * 

—  2. 

11. 

14. 

—  —  —  0. 

!?• 

III.  —  — 

—  2. 

12. 

0. 

—  —  0. 

8. 

IV.  —  — 

'  5* 

5- 

6. 

—  ■ —  « — -  0. 

1 3- 

V.  —  — 

’  5- 

3- 

0. 

— -  —  0. 

8  h. 

The  Powder  ufed  in  all  thefe  Experiments,  made  before  the  Com- 
mitteee,  wasprefented  to  them  by  Mr  Walton ,  and  is  fuch  as  he  makes 
tor  the  King’s  Service.  To  afcertain  as  nearly  as  poflible,  that  the 
Powder  had  not  undergone  any  confiderable  Alteration  by  Damps  or 
otherwise,  a  Standard  Experiment  was  previoufly  made  at  every  Meet- 
ing,  with  the  fhort  Barrel  charged  with  12  dwt.  of  Powder,  and  with 
a  Bail  of  24  dwt,  ;  and  the  Quantity  of  Powder  collected  was  from  1  dzvt 
8  Grains,  to  1  dwt,  12  Grains;  which  is  as  great  a  Regularity  as  can 

well 
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well  be  expe&ed.This  Powder  of  Mr  Walton* s  being  Jifted,  and  divided 
into  a  fine  and  a  large  Sort,  the  following  Difcharges  were  made  with 
1 2  dwt.  of  each,  and  Ball  as  ufual ; 

Difcharges  with  Powder  colkAed. 

line  Powder.  dwt,  gr . 

III.  —  —  —  —  —  —  —  O.  12. 

t 

In  this  third  Experiment  the  Bullet,  not  being  fo  exadlly  turned  as 
the  others,  was  rammed  down  with  great  Force. 

Difcharge  with  Powder  colle&ed. 

large  Powder.  dwt .  gr . 

III.  —  —  —  —  —  —  —  I.  21. 


And  the  Powder  being  bruifed  in  a  Mortar,  and  fifted  through  a 
Lawn  Sieve,  the  Charge  and  Ball  being  as  before,  what  was  collected 
after  3  Difcharges.  was  one  dwt .  10  Grains,  1  dwt .  8  Grains,  and  x  7 
Grains. 

Mr  IVatfon  having  had  two  Parcels  of  Powder  delivered  to  him,  the 
one  frefh,  and  the  other  colledted  after  Difcharges  with  Ball,  gave  an 
Account  of  the  Quantity  of  Nitre  he  had  feparated  from  them,  viz. 

Separated  from  9  dwt.  of  frefh  Powder  —  —  - —  dwt .  gr • 

Nitre  —  —  — -  —  6.  2, 

Refidqum  —  —  —  2.  7. 


From  9  dwt.  of  Powder  collected  after  having  been  £  ^ 

difcharged  with  Ball  —  —  —  —  —  —  —  * 

Nitre  _  _  —  4. 

Refiduum  —  —  • —  2. 

Sand,  65y.  —  —  —  o. 

Lofs  —  —  —  —  x.  *4» 

Twelve  Grains  of  the  Powder  gathered  and  put  into  feparate  Boxes, 
after  firing  with  Ball  out  of  the  fhort  Piece,  as  before- mentioned,  being 
fired  in  the  exhaufted  Receiver,  funk  the  Mercurial  Gage  from  29  ~ 
Inches  to  23  And  the  fame  Weight  of  frefh  Powder  being  fired  in 
the  fame  manner,  funk  the  Gage  to  22 4  Inches*,  the  Difference  being 
&  or  of  an  Inch. 
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From  thefe  Experiments  the  Committee  are  of  Opinion,  that  the 
firft  Part  of  the  fir  if  Quell  ion,  Whether  all  the  Powder  of  the  Charge  be 
fired  ?  is  fufficiently  determined  in  the  Negative. 

As  to  the  Second  Part  of  the  firft;  Queftion,  Whether  all  the  Powder 
that  is  fired,  be  fired  before  the  Bullet  is  fienjibly  moved  from  ids  Place  ?  the 
Committee  are  of  Opinion,  "That  the  Bullet  is  fienfibly  moved  from  ids 
Place ,  before  all  the  Powder  that  ' is  fired ,  has  taken  Fire. 

This,  indeed,  has  not  been  determined  by  any  diredt  Experiment, 
but  lee  ms  a  Confequence  of  the  Determination  of  the  firft  Part  of  the 
Queftion,  that  the  whole  of  the  Charge  is  not  fired. 

For  let  it  be  confidered,  that  from  the  Moment  any  Part  of  the 
Powder  within  the  Barrel  takes  Fire,  the  Flame  of  the  Powder  already 
fired  is  always  contiguous  to  fome  Part  of  the  Powder  as  yet  unfired  ; 
and  confequently  fome  Part  of  this  laft  muft  be  continually  taking  Fire^ 
fo  long  as  any  un fired  Powder  remains  within  the  Barrel ;  that  is,  the 
firing  of  the  Powder  cannot  be  over,  till  all  the  unfired  Powder  is  driven 
out  of  the  Gun:  But  before  any  Part,  how  fmall  foever,  of  the  unfired 
Powder  is  driven  out  of  the  Gun,  the  Bullet  which  lies  between  the* 
Charge  and  the  Muzzle,  muft  necefiarily  have  been  driven  out  of  the 
Gun.  Therefore  the  firing  of  the  Powder  is  not  over,  or  all  the  Pow¬ 
der  that  is  fired,  is  not  fired,  till  after  the  Bullet  is  driven  out  of  the 
Gun.  And  confequently  the  Bullet  muft  be  fenfibly  moved  from  it’s 
Place,  before  all  the  Powder  that  is  fired,  has  taken  Fire. 

As  to  the  fecond  Queftion,  Whether  the  Diftance  to  which  the  Bullet 
is  thrown ,  may  not  become  greater  or  lefis ,  by  changing  the  Form  of  the 
Chamber ,  though  the  Charge  of  Powder  and  all  other  Circumftances  con¬ 
tinue  unchanged? 

The  Committee  are  of  Opinion,  That  the  Change  of  the  Form  in  the 
Chamber ,  will  produce  a  Change  of  the  Diftance  to  which  the  Bullet  is 
thrown.  Their  Opinion  is  grounded  upon  the  following  Experi¬ 
ments,  in  which  the  longeft  Chamber  of  equal  Capacity  drove  the  Ball 
fartheft. 

Three  brafs  Chambers  were  made,  whofe  Depths  were  refpeelively 
3  Inches ;  i  »  Inch  *,  and  i  of  an  Inch  \  fo  turned  as  to  fit  the  Cham¬ 
ber  of  Mr  Hauksbee* s  Mortar  ;  each  of  thefe  Chambers  contained,  when 
full,  i  Ounce  Troy  of  Powder.  The  Bali  was  of  Brafs,  weighing  24. 
Pound,  6  b  Ounces  Avoirdupois,  that  is,  nearly  356  Ounces  Troy  *. 

The  Ball  touched  the  Powder  of  the  Charge  in  all  thefe  Experiments. 
With  the  . firft  Chamber  of  3  Inches  deep,  the  Elevation  of  the  Mortar- 
being  45  Degrees,  the  Ranges  at  4. different  Trials  were  found  to  be, 

*  Suppofing  14  Ounces  11  dwt.  and  15  Grains  and  an  half,  Troy,  equal  to  1  Pound 

JfajQirdupoiu 
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Shot. 

Chains. 

Links . 

I.  — ■  — ■ •  — 

—  —  11. 

39- 

or  nearly  752 

II.  —  —  — 

— ■  - —  10. 

38. 

685. 

III.  —  —  — 

• —  • — v  II. 

*7- 

737- 

IV.  —  — 

—  — -  11. 

10. 

733 • 

In  the  Second  of  thefe  Experiments,  the  brafs  Chamber,  not  being 
fufiiciently  thruft  home  before  the  Difcharge,  was  by  the  Violence  of  the 
Powder  driven  in  fo,  that  it  could  not  be  got  out  again  without  the 
Help  of  an  iron  Screw,  and  a  vaft  Force  applied  to  iron  Wedges.  This 
was  doubtlefs  the  Caufe  of  the  great  Irregularity  obferved  in  this  Cafe, 
The  mean  Diftance,  colleded  from  the  other  3  Experiments,  is  nearly 
741  Feet. 

Then  3  Difcharges  were  made  with  the  Chamber  %  of  an  Inch  deep, 
with  Ball,  Powder,  and  Elevation,  as  before.  The  Ranges  were. 


Shot.  Chains .  Links. 

jt  „  —  —  —  — ■  —  7.  6.  or  4 66  Feet  nearly, 

II.  ■ — *  -— *■  — *  • — ■  *  7*  2.  463* 

III.  _  —  —  —  —  7.  2.  4  63- 


The  mean  Diftance  to  which  the  Ball  was  thrown  in  thefe  three  Ex¬ 
periments  is  464  Feet. 

The  Chamber  1  h  Inch  deep,  was  alfo  tried  •,  but  this  not  fitting 
the  Mortar  fo  well  as  the  other  2,  the  Ranges  were  found  to  be  very 
irregular,  being 

Shot.  Chains.  Links. 

I.  —  —  — •  —  —  10.  40. 

II.  -  —  _  —  —  9.  6. 

III.  — - — - -7-  8- 

The  laft  Shot,  falling  fo  much  fhort,  may  be  afcribed  to  the  Damp, 
it  being  late  in  the  Evening  when  it  was  fired. 

That  Moifture  greatly  weakens  the  Effed  of  Powder,  is  commonly 
known  *,  and  the  Committee  found  by  an  Experiment,  That  Powder 
dried  by  means  of  a  Phial  in  Balneo ,  and  put  warm  into  the  Chamber, 
threw  the  Ball  twice  as  far  as  the  fame  Quantity  of  Powder  taken  out  of 
the  fame  Barrel,  before  it  was  dried. 

VII.  This  Treatife  contains  2  Chapters,,  The  Firft  treats  of  the  Force 
of  Gunpowder,  and  the  Velocities  communicated  to  Bullets  by  it’s  Ex~ 
plofion  :  The  fecond  confiders  the  Refinance  of  the  Air  to  Bullets  and 
Shells  moving  with  great  Velocities ;  and  endeavours  to  evince,  that 
this  Refiftance  is  much  beyond  what  it  is  generally  efleemed  to  be  ;  and 
confequently  that  the  Trad  defcribed  by  the  Flight  of  tffefe  Projectiles, 
-  LI  2  is 


or  nearly  686  Feet. 
598. 

467. 


An  Account  of 
a  Book  intitu¬ 
led ,  New  Prin¬ 
ciples  of  Gunne¬ 
ry.  containing 
the  Determina¬ 
tion  of  the  Force 
of  Gunpowder  - 
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is  very  different  from  what  is  ufually  fuppofed  by  the  modem  Writers 
on  this  Subjetft. 

The  principal  Points  endeavoured  to  be  eftabliflied  in  the  firft  Chapter 
are  thefe,  c<  That  the  Force  of  fired  Gunpowder  is  no  more  than  the 
Action  of  a  permanent  elaftic  Fluid,  which  is  produced  by  the  Ex- 
plofion;  that  this  Fluid  obferves  the  fame  Laws  with  common  Air 
in  their  Exertion  of  it’s  Preffure  or  Elafticity  and  confequently. 
That  the  Velocities  communicated  to  Bullets  by  the  Explofion,  may 
be  eafily  computed  from  the  common  Rules,  which  are  eftablifhed 
for  the  Determination  of  the  Air’s  Elafticity.” 

The  two  idrfb  Propofitions  contain  the  Proofs  that  a  permanent  elaftic 
Fluid  is  conftantly  generated  in  the  Explofion  of  Gunpowder  ;  this  is 
evinced  by  well  known  Experiments  daily  repeated,  and  acquiefced  in 
by  all  who  have  frequented  the  ufual  Courfes  of  Experimental  Philofo- 
phy,  of  which  thefe  Experiments  generally  make  a  Part;  fo  that  the 
Author  prefumes  he  may  confider  this  Point  as  inconteftibly  eftablifhed, 
at  leaft  he  has  never  yet  met  with  any  who  have  queflioned  it. 

The  third  Proportion  is.  That  the  Elafticity  of  this  Fluid  produced 
by  the  firing  of  Gunpowder,  is,  emeteris  paribus ,  diredtly  as  it’s  Denfity ; 
and  the  Experiment  by  which  this  was  confirmed,  was  letting  fall  fe~ 
parately  2  Quantities  of  Powder,  the  one  double  the  other,  on  a  red-hot 
Iron  included  in  an  exhaufted  Receiver  ;  and  it  appeared  by  the  Defcent 
of  the  Mercury,  that  the  Elafticity  of  the  Fluid  produced  from  the 
double  Quantity  of  Powder,  was  nearly  double  the  Elafticity  of  that 
produced  from  the  fingle  Quantity ;  that  is,  the  Elafticity  was  nearly  as 
the  Denfity  of  the  Fluid. 

But  it  may  perhaps  be  thought,  that  a  fingle  Experiment  is  too  {len¬ 
der  a  Foundation  on  which  to  build  fo  material  a  Principle,  fince  all 
fubfequent  Reafonings  on  the  Force  of  Powder  in  fome  meafure  depend 
on  it.  In  Reply  to  this  it  may  be  faid,  that  the  Author  recited  this 
fingle  Experiment  on  account  of  the  great  Quantity  of  Powder  made  ufe 
of  in  it,  which  was  ~  of  an  Ounce  ;  but  that  he  had  really  made  many 
more  equally  conclusive,  which  he  thought  it  unneceffary  to  mention. 
However,  thofe  who  doubt  of  this  Proportion,  may  fatisfy  themfelves 
herein  by  fome  Experiments  made  by  the  late  Mr  Hauksbee  before  this 
Society ,  though  with  a  different  View ;  where,  by  the  firing  of  26  Quan¬ 
tities  of  Powder  fucceflively,  the  mercurial  Gage  was  funk  from  29  I 
Inches,  to  12  for  by  comparing  thefe  Experiments  together,  and 
making  the  neceffary  Allowances,  it  will  be  found,  that  the  Elafti¬ 
city  was  nearly  proportional  to  the  Denfity  in  all  that  Variety  of 
Denfities. 

In  this  Propofition,  the  Analogy  between  the  Fluid  produced  by  the 
Explofion  of  Powder  and  common  Air,  is  eftablifhed  thus  far,  that  they 
exert  equal  Elafticities  in  like  Circumftances ;  for  this  Variation  of  the 
Elafticity,  in  proportion  to  the  Denfity,  is  a  well  known  Property  of 
common  Air.  But  other  Authors,  who,  fince  the  Time  of  Mr  Boyle, 

have 
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have  examined  the  factitious  elaftic  Fluids  produced  by  Burning,  Di~ 
ftillation,  &c.  have  carried  this  Analogy  much  farther,  and  have  fup- 
pofed  thefe  Fluids  to  be  real  Air,  endued  with  all  the  Properties  of 
that  we  breathe  ;  particularly  the  Reverend  Dr  Hales ,  who  has  purfued 
this  Examination  with  the  greateft  ExaCtnefs,  in  a  Series  of  the  belt 
contrived  Proceflfes,  conftantly  affixes  the  Denomination  of  Air  to  thefe 
factitious  Fluids,  he  having  found,  that  their  Weight  is  the  fame  with 
that  of  common  Air,  and  that  they  dilate  with  Heat,  and  contract 
with  Cold  •,  and  that  they  vary  their  Denfities  under  different  Degrees 
of  Impreffion  in  the  fame  Proportion  with  common  Air  ;  and  from 
hence,  and  other  Circumftances  of  Agreement  between  them,  he  fup- 
pofes  them  to  be  of  the  fame  Nature  with  Air,  and  conceives  them 
to  be  fitly  defigned  by  the  fame  Name. 

But  fo  perfed:  a  Congruitv  between  thefe  fa&itious  Fluids  and  Air 
is  not  neceflary  for  the  Purpofes  of  this  Treatife.  The  fundamental 
Pofitions  of  this  firft  Chapter  fuppofing  no  more,  than  that  the  Elafti- 
city  of  the  Fluid  produced  in  the  Explofion  of  Gunpowder  is  always, 
ceteris  paribus ,  as  it’s  Denfity  ;  and  that  the  Force  of  fired  Gun¬ 
powder  is  only  the  Action  of  that  Fluid  modified  according  to  this 
Law.  It  has  been  already  mentioned,  on  what  Grounds  the  Firft  of 
thefe  Principles  hath  been  afierted,  as  contained  in  the  Third  Propo- 
fition  ;  and  it  remains  to  explain  the  Reafons  urged  for  the  Support 
of  the  laft  in  the  8  fucceeding  Propofitions. 

The  Law  of  the  ACtion  of  this  Fluid  being  determined,  2  Methods 
offer  themfelves  for  inveftigating  the  abfolute  Force  of  Pov/der  on  the 
Bodies  it  impels  before  it.  The  firft  by  examining  the  Quantity  of 
this  Fluid  produced  by  a  given  Quantity  of  Powder,  and  thence  find¬ 
ing  it’s  Elaflicity  at  the  Inftant  of  the  Explofion ;  the  other  by  deter¬ 
mining  the  aCfual  Velocities  communicated  to  Bullets  by  known  Charges, 
aCting  through  Barrels  of  different  Dimenfions.  The  firft  is  the  mofb 
eafy  and  obvious,  but  the  fecond  the  moft  accurate  Method  $  and  there¬ 
fore  the  Author  has  feparately  purfued  each,  and  he  has  found,  that 
their  Concurrence  has  greatly  exceeded  his  Expectation,  and  thereby 
both  of  them  receive  an  additional  Confirmation. 

The  Quantity  of  the  elaftic  Fluid,  produced  by  the  Firing  of  'a 
given  Quantity  of  Powder,  is  determined  by  firing  it  in  an  exhaufted 
Receiver,  and  obferving  how  much  the  mercurial  Gage  fubfides  thereby, 
making  a  proper  Allowance  for  the  Increafe  of  it’s  Elaflicity  from  the 
Heat  of  the  included  hot  Iron.  But  then  as  the  Subfiding  of  the  Mer¬ 
cury  is  not  meafured  till  the  Flame  of  the  Powder  is  extinguifhed,  and 
the  Fluid  is  reduced  fomewhat  near  the  Temperature  of  the  external 
Air,  it  is  evident,  that  the  Elaflicity  thus  eflimated  is  much  Inert  cl 
what  it  really  was  in  the  Inftant  of  Explofion  ;  and  therefore,  to  obtain 
that  Elaflicity,  which  is  the  Force  fought,  it  is  neceflary  to  make  forne 
Eftimate  of  the  Increafe  of  the  Elaflicity  of  the  Fluid  by  the  Fire  and 
Flame  of  the  Explofion.  For  this  Purpofe  it  is  examined  in  the  Fifth 
l  £  Propoficion, 
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Propofition,  how  much  the  Elafticity  of  common  Air  is  increafed  by 
a  Degree  of  Heat  equal  to  that  of  Iron  beginning  to  grow  white  hot ; 
and  it  is  found,  at  a  Medium,  to  be  thereby  augmented  fomething  more 
.  than  4  Times  •,  whence,  as  the  Fluid  produced  by  any  Quantity  of 
Gunpowder  takes  up,  when  comprefled  by  the  Weight  of  the  incum¬ 
bent  Atmofphere,  a  Space  fomething  lefs  than  250  times  the  Bulk  of 
the  Powder  ;  it  follows,  that  if  it’s  Elafticity  in  the  Inftant  of  Explo- 
fion  be  fuppofed  to  be  increafed  in  the  fame  Proportion  with  that  of 
the  Air  laft-mentioned,  it  becomes  by  this  means  about  1000  times 
greater  than  the  Preffure  of  the  Atmofphere  ;  that  is,  conceiving  it  to 
be  contained  in  that  Space  only  which  the  Powder  occupied  before  it 
was  fired. 

Thofe  who  have  not  been  converfant  in  thefe  Experiments,  may 
pofiibly  fuppofe,  that  the  Elafticity  of  the  Powder  at  the  Inftant  of 
Explofton  may  be  immediately  known  by  the  firft  fudden  Defcent  of 
the  Mercury :  But  many  Circumftances  concur  to  render  this  Method 
imprafticable  ;  amongft  the  reft  it  muft  be  remembred,  that  fome  Air 
is  conftantly  left  in  the  Receiver,  which  is  heated  by  the  Blaft,  and 
unites  it’s  Effects  in  the  firft  Inftant  with  the  Aftion  of  the  Powder : 
Befides,  the  firft  Defcent  may  be  varied,  by  varying  the  Tube,  although 
all  things  elfe  remain  unchanged. 

^By  the  Method  hitherto  defcribed,  it  is  collected,  that  the  Elafticity 
of  the  Fluid  produced  from  fired  Gunpowder,  when  contained  in  the 
Space  which  was  taken  up  by  the  Powder  before  the  Explofton,  is  about 
1000  times  greater  than  the  Elafticity  of  common  Air,  or,  which  is 

the  fame  thing,  1000  times  greater  than  the  Preffure  of  the  Atmo- 
fphere. 

But,  befides  the  Determination  of  the  Quantity  of  Fluid  produced 
from  a  given  Quantity  of  Powder,  (the  Method  on  which  this  De¬ 
duction  is.  founded)  there  is  another  Method  of  difcovering  the  fame 
thing,  which,  though  lefs  obvious,  is  yet  (as  hath  been  already  ob- 
ferved)  more  accurate  :  That  is,  by  examining  the  adual  Velocities 
communicated  to  Bullets  by  the  Explofton  of  given  Charges  in  given 

Cylinders  ;  and  this  is  the  Subject  of  the  7th,  8th,  and  qth  Propofi- 
tions.  r 

And  firft,  it  is  evident,  that  this  Examination  cannot  take- place, 
unlefs  a  Method  of  difcovering  the  Velocities  of  Bullets  be  previoufly 
eftablifhed.  Now  the  only  known  Means  of  effecting  this  was  ei¬ 
ther  by  obferving  the  Time  of  the  Flight  of  Bullets  through  a  ^iven 
bpace  ;  or  by  finding  their  Ranges  when  they  were  projected  at  a  gi- 
ven  Angle,  and  thence  computing  their  Velocity  on  the  Hypothecs 
of  their  parabolic  Motion.  The  firft  of  thefe'  Methods  was  often 
impracticable,  and  in  all  great  Velocities  extremely  inaccurate,  both 
on  account  of  the  Shortnels  of  the  Time  of  their  Flight,  and  the 
ivjiiftance  of  the  Air.  The  fecond  is  ftili  more  exceptionable,  ftnce, 
by  reafon  of  the  Air’s  Refiftance,  the  Velocities  thus  found  maybe 
'  *  *  .  n ,  1  lefs 
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lefs  in  any  Ratio  given,  than  the  real  Velocity  fought.  Now,  fo  avoid 
thefe  Difficulties,  the  Author  has  invented  a  Method  of  determinino- 
the  Velocities  ofBullets,  which  may  be  carried  to  any  required  Degree 
of  Exadnefs,  and  is  no-ways  liable  to  the  forementioned  Exceptions  ; 
for,  by  this  Invention,  .the  Velocity  of  the  Bullet  is  found  in  any 
Point  of  it’s  Track,  independent  of  the  Velocity  it  had  before  it 
arrived  at  that  Point,  or  of  the  Velocity  it  would  have  after  it  had 
paffed  it :  So  that  not  only  the  original  Velocity,  with  which  it  iffues 
from  the  Piece,  is  hence  known,  but  alfo  it’s  Velocity,  after  it  has 
paffed  to  any  given  Diftance  ;  and  therefore  the  Variations  of  it’s  Ve¬ 
locity  from  the  Refinance  of  the  Air  may  be  alfo  afcertained  with 
great  Facility.  The  Machine  for  this  Purpofe  is  defcribed  in  the  8th 
Propofition,  and  the  Principle  it  is  founded  on  is  this  Ample  Axiom 
of  Mechanicks  ;  I  hat  if  a  Body  in.  Motion  ftrikes  on  another  at  Reft ,  and 
they  are  not  feparated  after  the  Stroke ,  hut  move  on  with  one  common 
Motion,  then  that,  common  Motion  is  equal  to  the  Motion  with  which  the 
Firft  Body  moved  before  the  Stroke  :  Whence,  if  that  common  Motion 
and  the  Maffes  of  the  2  Bodies  are  known,  the  Motion  of  the  Firft 
Body  before  the  Stroke  is  thence  determined.  On  this  Principle  then 
it  follows,  that  the.  Velocity  of  a  Bullet  may  be  diminifhed  in  any  gi¬ 
ven  Ratio,  by  it’s  being  made  to  impinge  on  a  Body  of  a  Weight  pro¬ 
perly  proportioned  to  it  ;  and  hereby  the  moft  violent  Motions,  which 
would  otherwife  efcape  our  Examination,  are  eafily  determined  by  thefe 
retarded  Motions,  which  have  a  given  Relation  to  them.  Hence  then, 
if  a  heavy  Body  greatly  exceeding  the  Weight  of  the  Bullet,  whofe  Ve¬ 
locity  is  wanted,  be  fufpended,  fo  that  it  may  vibrate  freely  on  an  Axis 
in  the  manner  of  a  Pendulum,  and  the  Bullet  impinges  on  it  when  it 
is  at  Reft,  the  Velocity  of  the  Pendulum  after  the  Stroke  will  be  eafily 
known  by  the  Extent  of  it’s  Vibration,  and  from  thence,  and  the 
known  Relation  of  the  Weight  of  the  Bullet  and  the  Pendulum,  and 
the  Pofition  of  the  Axis  of  Ofcillation,  the  Velocity  with  which  the 
Bullet  is  impinged  will  be  determined,  as  is  largely  explained  in  the 
8th  Propofition.  Where  note,  that  there  is  a  Paragraph  by  Miftake 
omitted  in  that  Propofition,  which  fhould  increafe  the  Velocity  there 
found  in  the  duplicate  Proportion  of  the  Diftances  of  the  Points  of  Of¬ 
cillation  and  Percuffion  from  the  Axis  of  Sufpenfion ;  but  this  only 
affefts  that  particular  Number,  for  it  was  remembered  in  the  Com¬ 
putations  of  the  fucceeding  Experiments,  the  Numbers  of  which  are 
truly  ftated. 

It  being  explained  how  the  Velocities  ofBullets  may  de  difcovered 
by  Experiment:  The  next  Confideration  is,  from  thofe  Velocities  to- 
determine  the  Force  which  produced  them. 

And  the  Author  thought,  the  beft  Method  of  effe&ing  this  was 
Ky  computing  what  Velocities  would  arife  from  the  Addon  of  fired! 
Powder,  fuppofing  it's  Force  to  be  rightly  affumed  by  the  Procefs  in 
the  preceding  Parts  that  is,  fuppofing  the  Elafticity  of  the  Fluid  thence 

arifing 
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arifing  to  be  at  firft  1000  times  greater  than  that  of  common  Air  •, 
for  then,  by  comparing  the  Refult  of  thefe  Computations  with  a  great 
Number  of  different  Experiments,  it  would  appear  whether  that  Force 
was  rightly  affigned  ;  and  if  not,  in  what  Degree  it  was  to  be  cor- 

reded.  .  , 

Preparatory  to  this  Computation,  the  Author  affumes  in  his  ytn 

Propofition  thefe  Two  Principles  : 

ifty  That  the  Adion  of  the  Powder  on  the  Bullet  ceafes  as  foon  as 

the  Bullet  is  got  out  of  the  Piece. 

idly.  That  all  the  Powder  of  the  Charge  is  fired,  and  converted 
into  an  elaftic  Fluid,  before  the  Bullet  is  fenfibly  moved  from  it  $ 
Place. 

And  in  the  annexed  Scholium  he  has  given  the  Arguments  and  Ex¬ 
periments  which  induced  him  to  rely  on  thefe  Poftulates,  all  which  is 
neceffary  at  prefent  to  difcufs  more  at  large. 

If  the  Force  of  Gunpowder  was  fuppofed  capable  of  being  deter¬ 
mined  with  the  fame  Accuracy  and  Rigour,  which  takes  place  in  Sub- 
jeds  purely  Geometrical,  the  firft  of  thefe  Poftulates  would  be  doubt- 
iefs  erroneous,  fince  it  cannot  be  quefhoned  but  the  Flame  ads  in  fome 
Degree  on  the  Bullet  after  it  is  out  of  the  Piece. 

But  it  is  well  known,  that  in  Experimental  Subjeds  no  fuch  Pre- 
cifenefs  is  attainable  ;  for  thofe  verfed  in  Experiments  perpetually  find, 
that  either  the  unavoidable  Irregularities  of  their  Materials,  or  the 
Variation  of  fome  unobferved  Circumftance,  occafion  very  difcernible 
Differences  in  the  Event  of  fimilar  Trials.  Thus  the  Experiments 
rhade  ufe  of  for  confirming  the  Laws  of  the  Collifion  of  Bodies,  have 
never  been  found  abfolutely  to  coincide  either  with  the  Theory,  or 
with  each  other.  The  fame  is  true  of  the  Experiments  on  the  Run¬ 
ning  and  Spouting  of  Water,  and  other  Fluids,  and  of  the  Experiments 
made  by  Sir  I.  Newton,  for  the  Confirmation  of  his  Theory  of  Re¬ 
finances  ;  in  which,  though  they  often  differ  from  each  other,  and  from 
that  Theory  by  and  even  fometimes  S  Part,  yet  thofe  fmall 

Inequalities  have  never  been  urged  as  invalidating  his  Conclufions, 
fince,  in  Experiments  of  that  Nature,  it  was  rather  to  be  wondered 
at,  that  the  Difference  between  the  different  Trials  was  fo  fmall. 

And  if  fome  minute  Irregularities  are  the  necefiary  Concomitants 
of  all  complicated  Experiments,  it  may  be  well  fuppofed,  that  the 
Adion  of  fo  furious  a  Power  as  that  of  fired  Gunpowder,  which  vi- 
fibly  agitates  and  diforders  all  Parts  of  the  Apparatus  made  ufe  of, 
cannot  but  be  attended  with  fenfible  Variations  ;  and  it  in  Fad  ap¬ 
pears,  that  in  the  Table  of  Experiments  inferted  in  the  9th  Propofition, 
the  Velocities  of  Bullets  fired  from  the  fame  Piece,  charged  with  the 
lame  Powder,  and  all  Circumftances  as  near  as  poflible  the  fame,  do 
yet  differ  from  each  other  by  and  fometimes  more  than 

of  the  Whole  *,  and  yet  the  Author  does  not  conceive,  that  thefe  fmall 

Differences  are  any  Exception  to  the  Conclufivenefs  of  his  Principles  ; 

but 
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but  he  prefumes,  that  had  he  pretended,  without  difclofmg  his  Me¬ 
thod,  to  have  computed  the  Force  of  Powder,  and  the  Velocities  of 
Bullets,  in  different  Circumflances,  to  a  much  lefs  Degree  of  Accuracy 
than  this,  he  fhould  have  been  cenfurecl,  as  boafling  of  what  would 

have  been  thought  impracticable. 

If  then  the  A&ion  of  the  Flame  on  the  Bullet  after  it  is  out  of 
the  Piece,  is  fo  fmad  as  to  produce  no  greater  an  Effedl  than  what 
may  be  deflioyed  by  the  inevitable  \  anations  of  the  Experiments,  the 
negle&ing  it  entirely,  and  fuppofing  no  fuch  Force  to  take  place,  is 
both  a  convenient  and  a  reafonable  Procedure  :  For  indeed,  without 
the  AiTumption  of  Populates  of  this  kind,  it  were  impoffible  to  have  pro¬ 
ceeded  one  Step  in  Natural  Pliilofophy,  fince  no  Mechanick  Problem 
hath  been  ever  folved,  in  which  every  real  Inequality  of  the  moving 
Force  hath  been  confidered. 

Now  what  induced  the  Author  to  fuppofe,  that  this  Poftulate  (though 
not.  rigoroufly  true)  might  be  fafely  affumed,  was  the  Confederation 
of  the  fpreading  of  the  Flame  by  it’s  own  Elaflicity,  as  foon  as  it 
e (capes  from  the  Mouth  of  the  Piece  :  For  by  this  means  he  conceived 
that  the  Part  of  it  which  impinged  on  the  Bullet  might  be  fafely  ne- 

gletfed,  although  the  Impulfe  of  the  entire  Flame  wa*s  a  very  remark¬ 
able  Force. 

With  regard  to  the  Second  Poftulate,  “  That  all  the  Powder  is 
c:  fired  before  the  Bullet  is  fenftbly  moved  from  it’s  Place*,”  it  is 
incumbent  on  the  Author  to  be  ftill  more  explicit,  as  this  Society  did 
feme  time  fince  appoint  a  Committee  for  examining  this  very  Pofttion, 
who,  after  making  a  great  Number  of  Experiments,  have  determined,' 

*  That  all  the  Powder  is  not  fired  before  the  Bullet  is  fenftbly  moved  from 
it  s  Place  }  and  they  have  at  the  fame  time  aftigned  the  Quantities  re¬ 
maining  unfired  under  different  Circumflances. 

Thefe  Determinations  of  the  Committee  are  moft  true  ;  but  the  Au¬ 
thor  mufi:  obferve,  that  from  the  Experiments  recited  by  them,  and 
the  Quantity  of  unfired  Powder,  which  they  colle&ed,  it  may  be  con¬ 
cluded,  that  in  a  Barrel  of  a  cuftomary  Eength,  charged  with  the 
ufual  Quantity  of  Powder,  the  Deficiency  of  Velocity  occafioned  by 
the  Powder  remaining  unfired  will  be  fcarcely  fenfible  ;  and  in  the 
fhortefl  Barrel  ever  ufed  by  the  Author,  where  the  Space  the  Bullet 
was  impelled  through  was  not  five  Inches,  and  where  of  courfe  this 
Deficiency  of  Velocity  ought  to  be  the  greateft,  it  cannot  amount  to 
jz  Part  of  the  Whole  ;  and  coniequently  this  Poftulate,  though  not 
rigoroufly  true,  may  yet  be  fafely  affumed,  in  the  inveftigating  the 
Effects  of  Powder.  But  before  this  is  more  particularly  examined, 
it  is  necefiary  to  explain  the  Opinions,  which  have  formerly  taken  place 
on  this  Subjedl. 

*  See  the  preceding  Paper. 

VOL.  VIII.  Part  h 
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Thofe  who  have  hitherto  wrote  on  the  Manner  in  which  Powder 
takes  Fire,  have  fuppofed  it  to  be  done  by  regular  Degrees  •, 
the  fir  ft  Grains  firing  thofe  contiguous,  and  they  the  next  lucceftively  *, 
and  it  has  been  generally  thought,  that  a  confiderable  Time  was  em¬ 
ployed  in  thefe  various  Communications  :  For  Mr  Daniel  Bernoulli ,  in 
his  excellent  Hydrodynamica ,  has  concluded  from  forne  Experiments 
made  at  Peters  burgh ,  that  the  greateft  Part  of  the  Charge  efcapes  out 
of  the  Piece  unfired,  and  that  the  fmall  Part,  which  is  fired,  does  not 
take  Fire  till  it  is  near  the  Mouth.  Many  Theories  too  have  been 
compofed  on  the  Time  of  the  Progrefs  of  the  Fire  amongft  the  Grains, 
and  the  different  Modifications  which  the  Force  of  Powder  did  thence 
receive  *,  and  it  has  been  generally  conceived,  that  the  proper  Lengths 
of  Pieces  were  determinable  from  this  Principle  ;  tc  That  they  fhould 
be  long  enough  to  give  Time  for  all  the  Powder  to  fire.” 

But  the  Author  being  fatisfied,  that  no  fuch  regular  and  progreffive 
Steps  could  be  obferved  in  the  Explofion ;  and  having  found,  that  by 
loading  with  a  greater  Weight  of  Bullet,  and  thereby  almoft  doubling 
the  Time  of  the  Continuance  of  the  Powder  in  the  Barrel,  it’s  Force 
received  but  an  inconfiderable  Augmentation  *,  and  finding  too,  that 
doubling  or  trebling  the  ufual  Charge,  the  Powder  thus  added  al¬ 
ways  produced  a  correfpondent  Effefil  in  the  Velocity  of  the  Bullet ; 
and  difcovering  likewife  in  a  Piece  near  4  Feet  in  Length,  charged 
with  an  ufual  Charge  of  Powder,  that  the  Velocity  communicated  to 
the  Bullet,  during  the  firft  3  Inches  of  it’s  Motion,  was  full  half  the 
Velocity  which  it  acquired  in  it’s  whole  Pafiage  through  the  Barrel* 
and  that  the  Elafticity  or  Force  of  the  Powder,  in  the  firft  3  Inches 
of  it’s  Expanfion,  was,  at  a  Medium,  near  8  times  greater  than  in 
the  laft  2  Feet  of  the  Barrel  *,  he  concluded  from  all  thefe  Circu al¬ 
liances,  that  the  Time  employed  by  the  Powder  in  taking  Fire  was 
not  neceftary  to  be  attended  to  in  thefe  Computations*,  but  that  the 
whole  Mafs  might  be  fuppofed  to  be  kindled,  before  the  Bullet  was 
fenfibly  moved  from  it’s  Place. 

And  the  Experiments  reported  by  the  Committee  are  the  ftrongeft 
Proofs,  (as  far  as  they  extend)  that  Powder  is  not  fired  in  the  pro- 
greffive  Manner  ufually  fuppofed ;  for  when  the  (hart  Barrel  was 
charged  with  12  dwt.  and  with  6  dwt.  refpe&ively,  the  Quantity  of  Pow¬ 
der  which  was  collected  unfired  from  12  dwt.  did  not  exceed  by  3 
Grains,  at  a  Medium,  what  was  collected  from  6  dwt.  although  the 
Bullet  was  a  lefts  Time  in  ’palling  through  the  Barrel  with  12  dwt.  than 
with  6  dwt.  it  having  a  lefs  Way  to  move  ;  confequently  the  Quan¬ 
tity  remaining  unfired  of  the  6  dwt .  did  not  continue  unfired  for  want 
of  Time,  iince,  when  the  Piece  was  charged  with  12  dwt.  the  ad¬ 
ditional  6  dwt.  was  confumed  in  a  fhorter  Time. 

And  again,  when  the  Barrel  was  fo  fhortened,  that  the  Bullet, 
being  placed  clofe  to  the  Wad,  lay  with  it’s  outer  Surface  nearly  level 
with  the  Mouth  of  the  Piece.*  fo  that  it  had  not  more  than  half  an 

Inch 


MEGHAN  ICK  Sa 

Inch  to  move  before  the  Flame  would  have  Liberty  Co  expand  itfclf ; 
yet,  even  in  this  fhort  Tranfit  of  the  Bullet,  only  2  dwt.  1  i-  pt.  was 
collected  unfired,  at  a  Medium  ;  which  is  about  J  of  the  whole  Charge, 
or,  if  properly  reduced,  not  more  than  A-  of  the  Charge  :  An  ob¬ 
vious  Confutation  of  the  gradual  firing  of  the  Powder  in  it’s  Paffage 
through  the  Barrel,  and  an  eafy  Proof,  how  frnall  an  Error  will  be 
occafioned  by  luppofing  the  whole  Charge  to  fire  inflantaneoufiy,  fince 
the  Error  in  the  Velocity  of  the  Bullet,  arifing  from  a  Deficiency  of 
7T  of  the  Charge,  is  A  of  that  Velocity  only. 

I  fay,  that  the  i  of  the  Charge,  which  remained  unfired,  amounts 
to  no  more  than  A  when  it  is  reduced  as  it  ought.  This  Reduction 
is  founded  on  the  other  Experiments  reported  by  the  Committee,  and 
on  the  Circumftances  of  thofe  Trials  on  which  the  Author  founded 
the.  prefent  Poflulate.  The  Author  has  fuppofed  the  Powder,  on 
which  he  reafons  in  this  Treatife,  to  be  of  the  fame  fort  with  that 
made  for  the  Service  of  the  Government,  a  Parcel  of  which  he  was 
favoured  with  by  Mr  Walton.  But  this  he  chiefly  kept  for  a  Standard, 
and  generally  ufed  other  Powders,  which,  on  Examination,  he  found 
to  be  of  equal  Force.  Thefe  Powders  were  of  a  very  final!  and  even 
Grain,  and  the  Committee  have  found,  that  by  lifting  the  Government 
Powder,  and  making  ufe  of  the  fmailer  Grains,  the  Quantity  remain* 
ing  un fired  was  lefs,  at  a  Medium,  in  the  Ratio  of  5  to  3,  than  when 
it  was  ufed  without  fifting. 

And  again,  it  was  found  by  extracting  the  Saltpetre  from  the  Pow¬ 
der  collected  unfired,  that  there  was  lefs  Saltpetre  contained  in  it  than  in 
real  Powder,  and  this  nearly  in  the  Ratio  of  9  to  7  :  Thefe  two  Pro¬ 
portions  compounded  make  the  Proportion  of  15  to  7,  and  in  this 
Proportion  mud  the  Quantities  of  Powder  colleCfed  unfired  be  reduced, 
in  order  to  determine  the  Quantities  of  real  Powder  remaining  unfired, 
in  fimilar  Experiments  made  by  the  Author. 

And  from  hence  it  follows,  that  in  the  Experiments  made  with  a 
Barrel  of  57  Inches  in  Length,  where  the  Ball  had  not  3  Inches  to 
move,  and  where  the  Irregularity  arifing  from  the  Powder  unfired 
ought  to  have  been  the  mod  fenfible,  the  Quantity  of  real  Powder 
colieded  unfired  from  a  Charge  of  12  dwt.  would  have  been  no  more  than 
16  Grains  at  a  Medium,  or  A  of  the  whole  Charge  ;  and  it  being 
found  by  Experiment,  that  the  Velocities  of  Bullets  placed  in  the  fame 
Situation  vary  in  the  fubduplicate  Proportion  of  the  Charges,  the  De¬ 
ficiency  of  Velocity  arifing  from  the  Lois*  of  the  A  of  the  Charge 
would  be  about  A  of  the  whole  Velocity  only,  which,  in  the  prefent 
Cafe,  is  not  A  of  an  Inch  in  the  Chord  of  the  Arch  defcribed  by 
the  Pendulum  meafuring  the  Velocity,  and  is  a  lefs  Difference  than 
what  frequently  occurs  in  the  exadeft  Repetition  of  the  fame  Experi¬ 
ments. 

Other  Circumftances  occur,  which  reduce  the  Inequality  arifing  from 
the  unfired  Powder  ftill  lower  ;  but  it  is  thought,  that  this  is  fully 

M  m  2  fufficient 
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Efficient  to  juftify  the  Poftulate  in  Queflion,  efpecially  as,  in  all  Cafes 
of  real  Ufe,  the  Length  of  the  Barrel  in  proportion  to  the  Quantity  of 
the  Charge  will  be  much  greater  than  in  the  prelent  Inftance  :  Whence  the 
Author  prefumes,  that,  in  computing  the  Velocities  communicated  to 
Bullets  by  the  Adion  of  Powder,  it  may  be  fafely  fuppofed,  that  the 
whole  Charge  is  Bred  before  the  Bullet  is  fenfibly  moved  from  it’s  Place 
at  leatt  there  is  no  Foundation,  from  the  Experiments  made  on  this 
Subject  by  the  Committee,  to  fufped  that  when  fmall-grained  Powder 
is  made  ufe  of,  any  greater  Irregularity  will  arife  from  the  Application 
of  this  Suppofition,  than  what  would  jotherwife  take  place  from  the  In¬ 
tervention  of  unavoidable  Accidents. 

It  has  been  thought  neceflary  to  difeufs  more  at  large  thefe  two  Pullu¬ 
lates,  becaufe  the  laft  of  them  being  almoftin  the  very  Words  of  one  of 
the  Queftions  propofed  to  be  examined  by  the  Committee  of  this  Society , 
and  having  by  them  been  determined  in  the  Negative,  thofe  who  have 
not  attended  to  this  Subjed  might  fuppofe,  that  thereby  the  Author’s 
Principles  were  entirely  overturned  :  Now  this  would  be  a  great  Injuflice 
to  him,  fince  he  has  not  religd  on  this  Populate  as  rigoroufly  true  ;  for 
he  knew,  and  has  himfelf  taken  notice  in  the  prefent  Propofition,  that 
fome  of  the  Powder  efcapes  un fired  •,  and  he  has  there  made  fome  Con¬ 
jectures  on  the  Caufe  of  it  •,  but,  without  infilling  on  the  Reality  of  thofe 
Conjectures,  he  adds,  that,  “  Be  that  as  it  may,  the  Truth  of  our 
44  Pofition  cannot  in  general  be  queftioned.” 

And  though  it  appears  from  what  has  been  already  laid,  that  the  Ex¬ 
periments  recited  by  the  Committee  rather  confirm  than  invalidate  the 
general  Senfe  of  that  Populate  ;  yet  it  is  but  Juftice  to  own,  that  they 
area  full  Confutation  of  the  Conjectures  of  the  Author  in  relation  to  the 
Caufe  why  fome  Part  of  the  Powder  comes  out  unfired  ;  for  the  Author 
has  fuppofed,  after  Diego  Ufano ,  that  the  Part  which  thus  efcaped,  was 
fcattered  in  the  Barrel,  and  not  rammed  up  with  the  reft,  or  elfe  that 
it  was  of  a  lefs  inflammable  Compofition  :  But  the  Experiments  made  on 
this  Occafion  entirely  deftroy  this  Suppofition. 

As  this,  or  any  other  Conjedure  on  the  Caufe  of  this  Accident,  (for 
it  plainly  appears  not  to  be  for  want  of  Time  only)  has  nothing  to  do 
with  the  general  Reafoning  of  the  prefent  Treadle,  it  is  not  neceflary  to 
enter  into  it  in  this  Place  •,  but  it  may  not  be  improper  to  mention,  that, 
on  computing  the  Quantities  of  Powder  colleded  from  different  Charges, 
one  of  the  Committee  was  led  to  conjedure,  that  what  was  thus  colleded 
was  only  Parts  of  Grains  that  had  been  fired,  but  v/ere  extinguifhed 
by  the  Blaft  before  they  were  entirely  confumed.  This  Conjedure  is 
ftrengthened  by  the  extreme  Minutenefs  of  the  Particles  of  all  the  Pow¬ 
der  which  was  colleded,  and  from  the  Deficiency  of  the  Saltpetre  found 
in  it  on  Examination  :  It  may  be  added  too,  that  the  Author,  by  gra¬ 
dually  heating  a  Parcel  of  Powder,  hath  fet  it  on  Fire,  and  blown  it 
out  again,  tor  atleafta  Dozen  times  fucceflively  ;  and  he  will  undertake 
to  repeat  the  Experiment  at  any  time,  if  itfiiould  be  doubted  of. 
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The  Populates  hitherto  difcuffed  are  preparatory  to  the  yth  Propo¬ 
fition.  That  Propofition  is  ernployed  in  computing  the  Velocity  which 
would  be  communicated  to  a  Bulletin  a  given  Piece  by  a  given  Charge 
of  Powder,  on  the  Principles  hitherto  laid  down,  that  is,  fuppofingthe 
Elafticity  of  fired  Powder  to  be  at  firft  1000  times  greater  than  that  of 
common  Air. 

"  In  the  9th  Propofition  thefe  Computations  are  compared  with  a  great 
Number  of  Experiments,  made  in  Barrels  of  various  Lengths,  from  7 
Inches  to  45  Inches,  and  with  different  Quantities  of  Powder,  from 
6dwt.  to  36  *,  and  the  Coincidence  between  the  Theory  and  thefe  Ex¬ 
periments  is  very  fmgular,  and  fuch  as  occurs  in  but  few  philofophical 
Subjects  of  fo  complicated  a  Nature. 

By  this  i\greement  between  the  Theory  and  the  Experiments,  each 
Part  of  the  Theory  is  feparatel.y  confirmed  ;  for  by  firing  different 
Quantities  of  Powder  in  the  fame  Piece,  and  in  the  fame  Cavity,  it 
appears  that  the  Velocities  of  the  Bullet,  thence  arifing,  are  extremely 
near  the  fubduplicate  Proportion  of  thofe  Quantities  of  Powder,  and 
this  independent  of  the  Length  of  the  Piece  :  Whence  it  is  confirmed, 
that  the  Elafticity  of  fired  Powder  in  various  Circum  fiances,  is  nearly  as 
it’s  Denfity ;  and  this  does  not  only  fucceed  in  ftp  all  Quantities  of  Pow¬ 
der,  and  in  fmall  Pieces,  but  in  the  largeft  likewife,  under  proper  Re- 
ftridlions  •,  at  leaft  there  are  Experiments  which  could  not  be  influenced 
by  this  Theory,  where  the  Quantities  of  Powder  were  above  100  times 
greater  than  what  are  ufed  by  this  Author,  and  in  thefe  Trials  this  Cir- 
cumftance  takes  place  to  fufficient  Exadfnefs. 

It  is  prefumed  then,  that  by  this  Theory  a  near  Eftimate  may  be  al¬ 
ways  made  of  the  Velocities  communicated  to  Shells  or  Bullets  by  given 
Charges  of  Powder  *,  at  leaft  thefe  Experiments  evince  how  truly  the 
Velocities  of  fmall  Bullets  are  hereby  affigned  *,  and  the  Author  can  fhew 
by  the  Experiments  of  others,  that  in  a  Shell  of  13  Inches  Diameter, 
impelled  by  a  full  Charge  of  Powder,  the  fame  Principle  nearly  holds : 

It  is  true  indeed,  that  when  the  Charge  is  much  fmaller  than  the  ufuai 
Allotment  of  Powder,  there  are  fome  Irregularities,  which  are  particu¬ 
larly  mentioned  at  the  End  of  Prop.  9  to  which  Plead  too,  perhaps, 
mult  be  referred  the  Experiments  made  by  the  Committee  on  the  Effedt 
of  different  fmall  Chambers  •,  but  in  the  cuftomary  Charges,  the  Velo¬ 
cities  of  Bullets  refulting  from  all  the  Experiments  hitherto  made,  are 
really  fuch  as  the  Theory  laid  down  in  the  preceding  Part  of  this  Treatife 
requires.  And  it  appears,  that  thefe  Velocities  are  much  greater  than 
what  they  have  been  hitherto  accounted  :  And  there  are  Reafons  from 
the  Theory  to  believe,  that  in  Cannon-fhot  the  Velocities  may  (till  ex¬ 
ceed  the  prefent  Computation. 

'  The  afcertaining  the  Force  of  Powder,  and  thence  the  Velocities  of 
Bullets  impelled  by  it’s  Explofion,  and  the  affigning  a  Method  of  truly 
determining  their  adtual  Velocities  from  Experiments,  are  Points  from 
whence  every  neceffary  Principle  in  the  Formation  or  Management  of 
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A  Machine  for  changing  Air ,  &c. 

Artillery  may  be  eafily  deduced  :  Confidering  therefore  the  infinite 
Import  of  a  well-ordered  Artillery  to  every  State,  the  Author  flatters 
himfelf,  that  whatever  Judgment  may  be  formed  of  his  Succefs  in  thefe 
Enquiries,  he  will  not*  be  denied  the  Merit  of  having  employed  his 
Thoughts  and  Induftry  on  a  Subjedt,  which,  though  of  a  moil  fcientific 
Nature,  and  of  the  greateft  Confequence  to  the  Publick,  hath  been 
hitherto  almoft  totally  negledted  ;  or,  at  lead,  fo  fuperflcially  confldered, 
as  to  be  left  inamuch  more  impeded  State  than  many  other  philofophi- 
cal  Refearches. 

With  regard  to  the  fecond  Chapter  of  this  Treatife,  relating  to  the 
Re fi fiance  of  the  Air,  the  Author  has  in  his  Preface  mentioned  his  In¬ 
tention  of  annexing  to  it  a  Series  of  Experiments,  on  the  real  Track  of 
Bullets,  as  modulated  by  that  Refinance  :  And  therefore,  as  he  propofes 
to  complete  thole  Experiments  this  Summer,  unlefs  unfordeen  Accidents 
prevent  him,  he  choofes  to  poflpone  any  Account  of  the  Subjedl  of  the 
fecond  Chapter  till  that  time,  when  he  intends  to  lay  the  Refult  of  thofe 
Experiments  before  this  Society ,  in  order  that  any  Exceptions  or  Diffi¬ 
culties  relating  to  them,  may  be  examined  and  difcutTed  before  they  are 
publifhed  to  the  World. 

VIII.  Fig .  94*  reprefents  a  Cafe  D  E  C  B,  containing  a  Wheel  of  7 
Feet  in  Diameter,  and  1  Foot  thick  ;  being  a  cylindrical  Box,  divided 
into  12  Cavities  by  Partitions  diredted  from  the  Circumference  towards 
the  Centre,  but  wanting  9  Inches  of  reaching  the  Centre,  being  open 
towards  the  Centre,  and  alfo  towards  the  Circumference,  and  only  doled 
at  the  Circumference  by  the  Cafe,  in  which  the  Wheel  turns  by  means 
of  a  Handle  fixed  to  it’s  Axis  A,  which  Axis  turns  in  two  Iron  Forks, 
or  half  concave  Cylinders  of  Bell-Metal,  fuch  as  A,  fixed  to  the  upright 
Timber  or  Standard  A  E. 

From  the  Middle  of  the  Cafe  on  the  other  Side  behind  A,  there 
comes  out  a  Trunk  or  iquare  Pipe,  which  we  call  the  Sucking-  Pipe ; 
which  is  continued  quite  to  the  upper  Part  of  the  Tick  Perfon’s  Room, 
whether  it  be  near  or  far  from  the  Place  where  the  Machine  ftands,  in 
an  upper  or  lower  Story,  above  or  below  the  Machine.  There  is  a  cir¬ 
cular  Hole  in  one  of  the  circular  Planes  of  the  Machine  of  18  Inches 
Diameter  round  the  Axis,  juft  where  the  Pipe  is  inferted  into  the  Cafe, 
whereby  the  Pipe  communicates  with  all  the  Cavities*,  and  as  the  Wheel 
is  turned  fwiftly  round,  the  Air  which  comes  from  the  fick  Room,  is 
taken  in  at  the  Centre  of  the  Wheel,  and  driven  to  the  Circumference, 
fo  as  to  go  out  with  great  Swiftnefs  at  the  Blowing-Pipe  B,  fixed  to  the 
faid  Circumference. 

As  the  foul  Air  is  drawn  away  from  the  fick  Rooms,  the  Air  in  the 
neighbouring  Apartments  will  gradually  come  into  the  Room  through 
the  fmalleft  Pafiages:  But  there  is  a  Contrivance  to  apply  the  Pipes 


*  'The  Model  of  this  Machine,  made  by  a  Scale  of  an  Inch  to  a  Foot,  was  Jhewn  the  Royal 
Society  June  13,  1734.  By. Dr  ],  T.  Ddaguliers,  F.  R,  S . 
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which  go  to  the  Tick  Room  to  the  Blowing- Pipe  B,  while  the  Sucking- 
Pipe  receives  it’s  Air  only  from  the  Room  where  the  Machine  ftands. 

By  this  means  frefh  Air  may  be  driven  into  the  Tick  Room  after  the  foul 
has  been  drawn  out. 

This  Machine  would  be  of  great  ufe  in  all  Hofpitals,  and  in  Prifons : 

It  would  alfo  ferve  very  well  to  convey  warm  or  cold  Air  into  any  diftant 
Room  *,  nay,  to  perfume  it  infenfibly,  upon  occafion. 

Fig-  95*  reprefents  the  Infide  of  the  Flat  of  the  Wheel  which  is  Fig.  or. 
farthefb  from  the  Handle,  and  next  to  the  Sucking-Pipe. 

15  2,  3,  4.  reprefents  the  Cavity  or  Hole  which  receives  the  Air 
round  the  Axis,  having  about  it  a  circular  Plate  of  Iron  to  hold  all  firm  ; 

which  Plate  is  made  faff  to  the  Wood  and  to  the  Iron  Crofs  that  has  the 
v  Axis  in  it. 

g'gg*  denotes,  by  a  pricked  Circle,  a  narrow  Ring  of  thick  Blan¬ 
ketting,  which  (by  prefiing  againfl:  the  outfide  Cafe,  whilft  it  is  fixed 
to  the  outfide 'of  the  Flat  of  the  Wheel)  makes  the  Paffaae  into  the 
Wheel  tight.  "  / 

H  H  H  is  another  Circle  of  Blanketting,  likewife  fixed  to  the  outfide 
of  the  Wheel,  and  rubbing  againfl:  the  Cafe,  that  the  Air  violently  driven 
againfl  the  inner  Circumference  of  the  Cafe,  may  have  no  way  out  but 
at  the  Blowing-Pipe  at  B. 

There  is  on  the  outfide  of  the  other  Flat  of  the  Wheel,  where  the 
Handle  is  fixed,  a  Ring  of  Blanketting,  like  H  H  H,  oppofite  to  it; 
but  none  oppofite  to  g  g  g,  becaufe  the  Wood  there  is  not  open,  but 
comes  home  clofe  to  the  Axis. 

Fig-  96*.  g‘lves  a  vertical  Sedion  of  the  Wheel  and  Cafe  a  little  forward  Fig. 
of  the  Axis,  drawn  by  a  Scale  twice  as  large  as  that  of  the  other  two 
Figures. 

-A  a,  the  Axis  fupported  by  the  Irons  A,  a,  cylindrical^  hollowed, 
except  the  upper  Part,  where  a  Pin  keeps  in  the  Axis.  B  D,  the  Cafe 
with  the  Sucking-Pipe  S  a.  E  A,  the  Prop  for  one  End  of  the  Axis, 
r,  2,  the  Opening  into  the  Wheel,  g  g,  the  Eminence  of  the  Wood  to 
which  is  fixed  the  fmall  Ring  of  Blanketting.  The  four  black  Marks, 
one  of  which  is  near  H,  reprefent  the  Sedions  of  the  two  other  Rinas- 
of  Blanketting. 

IX.  1.  When  the  Wheel  revolves  upon  it’s  Axis,  which  is  performed  A  Calculation 
in  this  Machine  every  Revolution  in  about  half  a  Second,  the  Air  may  of  the  flacky 
be  confidered  as  divided  into  as  many  concentrica!  Circumferences  as  there  °f  the  Air 
are  Particles  of  Air  contained  between  the  leaf!:  and  the  greateft  Circle,  mo'x'ed  iy  thi \ 
confequently  the  centrifugal  Forces  will  be  as  the  Radii  5  that  is  in  an  CmfZaB 
arithmetical  Progrefiion,  Belhl;  <f  7 

Feet  in  Diame¬ 
ter,  ana  1  boot  thick  within,  which  a  Man  can  keep  in  Motion  with  very  little  Labour,  at  the  Rate  of  iwa> 
Revolutions  in  one  Second.  By  J.T,  Defaguliers,  F,  R .  S,  Ibid ,  p.  44. 


Let; 


Of  the  Velocity  of  Air,  -See. 
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Let  R  =  Radius  of  the  greateft  Circle 
r  -=■  Radius  of  the  lead  Circle 

m  =  Radius  of  the  middle  Circle 
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Velocity  or  Space  deferibed 
in  i!f  in  the  middle  Circle, 
upon  the  Suppofition  that  >26.21 
the  Wheel  revolves  2  Revo¬ 
lutions  in  1  V 

S  =  Space  deferibed  in  ifl  by  1  s  .  . 

the  Adlion  of  Gravity.  ) 

Space  that  a  Particle  of  Air  receding  from  the  Centre  would 
deferibe  in  1 11  by  the  Adlion  of  the  centrifugal  Force  at  the 
Circumference  of  the  middle  Circle. 

2  m  :  v  :  :  v  :  s  ;  therefore  —  =  s,  by  Huygens's  Rule.  Let  G  and 

2  m 

c,  exprefs  the  Force  of  Gravity,  and  the  centrifugal  Force  at  the  middle 
Circle.  Since  the  Spaces  deferibed  in  the  fame  Time  by  the  Action  of 
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2  Forces  are  as  thofe  Force  S  :  s  :  :  G  :  c,  and  — -  =  c ,  and  fubftitut- 
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_ _  0  c.  So  that  the  Ra- 

2  -  K-pr  xS 

tio  of  Gravity  to  the  centrifugal  Force,  at  the  middle  Circle,  is  that  of 
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G  to  “ _ ~~~~  or  that  of  1  to  —7""  -  ~~~  *,  which  being  multiplied  by 

R-j-rxS  R-prxS 

the  Number  of  the  revolving  Circles  R — 1  r,  gives  for  the  P  refill  re  of 
the  Column  of  Air  R  —  r  proceeding  from  Gravity  R  —  r ,  and  the 
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,  wherein 


Preffure  proceeding  from  the  centrifical  Forces 

R  f  r  x  S 

R  —  r  being  a  Faftor  common  to  both,  may  be  thrown  out  of  the  Ex- 
preffion  ;  And  fince  the  Velocities  produced  from  different  Preffures  are 
as  the  fquare  Roots  of  the  Preffures,  the  Velocity  Gravity  would  give 
from  the  natural  Weight  or  Preffure  of  R  —  r  will  be  to  the  Velocity, 
the  fame  Column  would  have  from  the  Preffure  occaffoned  by  the  cen¬ 
trifugal  Force,  asv7  i^or  1  to  s/ 


V  V 


R-j-rxS 


Lajlly, 
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Laftly ,  Since  the  Velocity  proceeding  from  the  A&ion  of  Gravity 
upon  a  Column  —  R  —  r,  is  always  a  known  Quantity  ;  it  may  be 
called  ~  a  (equal  in  this  Cafe  to  15  38  Ft.  per  Second)  and  confequently 

f  _  ....  X  V  V 

the  Velocity  proceeding  from  the  centrifugal  Force  will  be  a  x  s/  - - — 

R  r  ,x  S 

/  1  j  a  v 

or,  a  v  X  v  —  !  or  —  :  That  is,  in  this  Machine 

R  r  x  Sj  v7  R  r  x  S 

15.38  x  26.71  ^  _ 

■  ■  ■■  — . =  49 . 67  Ft.  Second.  And  if  we  add  to  this  the 

*J  4.25  X •  16.  1 

Velocity  of  the  outer  Circle  in  the  Tangent  of  which  the  Air  efcapes, 
which  (in  the  Suppofition  we  made  of  2  Revolutions  in  i,r)  is  44  Feet 
y?t?r  Second,  we  fhall  have  =  93.67  Feet  per  Second.. 

N.  B.  This  Calculation  fupppofes  the  Bore  of  the  Sucking-Pipe 
fufficiently  great  to  furnifh  as  much  Air  as  would  efcape,  according  to 
this  Velocity  ;  but  in  this  Machine  the  Sucking  Pipe  being  no  greater 
than  the  Ajutage  or  Blowing-Pipe,  the  Velocity  proceeding  from  the 
Preffure  occafioned  by  the  centrifugal  Force,  and  from  the  Velocity  in 
the  Tangent  (which  may  be  reprefented  by  a  Column  of  Air  of  fufficient 
Height  to  give  the  Velocity  of  93.67  Ft.  which  is  145.882  Ft.)  muft  be 
divided  into  2  equal  Parts,  one  half  employed  in  fucking,  and  the  other 
in  blowing ;  therefore  the  Half  of  145.882  Feet,  which  is  72.941  Feet, 
will  reprefent  the  Height  of  a  Column  of  Air,  that  would  occafion  the 
fame  Preffure  with  which  the  centrifugal  Force  and  the  circular  Motion 
a6t  in  this  Machine  •,  and  a  Column  of  this  Height  producing  a  Velocity 
of  68.53  Feet  per  Second.  This  Number  will  exprefs  the  Velocity  with 
which  the  Air  is  fucked  into  the  Wheel *  *,  and  the  fame  Number  will 
alfo  exprefs  the  Velocity  of  the  Air  out  of  the  Blower,  proceeding  from 
the  centrifugal  Force,  and  the  circular  Velocity  of  the  outer  Circle,  which 
is  the  real  Velocity  of  the  Stream  of  Air  out  of  the  Blower  of  this  Ma¬ 
chine,  viz,  6 S.53  Feet  per  Second,  which  is  at  the  Rate  of  a  Mile  in 
about  77  A  or  about  7  Miles  in  f . 

2.  I  fend  you  a  further  Account  of  my  centrifugal  Wheel,  which  is  — The  Ufesof 
now  fixed  in  a  Room  above  the  Houfe  of  Commons,  to  draw  away  the  the  foregoing 
hot  Steam  arifing  from  the  Candles,  and  the  Breath  of  the  Company  ^lachint,  by 
in  the  Houfe,  when  it  is  very  full,  in  warm  Weather ;  as  alfo  after-  ^  * 

wards  to  drive  in  a  Stream  of  frefh  Air,  to  fpread  uniformly  all  over  the 
Floufe,  by  coming  in  at  the  Middle  of  the  Cieling. 

The  Ufes  of  this  Machine  for  fick  Rooms,  for  Prifons,  for  warming, 
cooling,  or  perfuming  any  Chambers  at  a  difiance,  were  fpoken  of  in 
the  Explanation  of  the  Model  I  fhewed  the  Society.  The  Machine  may 
alfo  ferve  in  a  Man  of  War,  to  take  away  the  foul  Air  between  Decks, 
occafioned  by  the  Number  of  Men  in  the  Ship,  and  to  give  them  freih 
Air  in  a  few  Minutes.  In  every  Part  of  the  Veffel  every  foul  Hole  may 

V  O  L.  VIII..  Parc  i.  N  n  '  be 


274 


A  Defcription  of  Water-Bellows. 

be  rendered  wholefome,  and  even  the  Stench  and  foul  Air  from  the 
Surface  of  the  Bulge- Water  may  be  carried  off.  In  regard  to  Mines, 
the  Machine  muft  prove  of  excellent  Ufe  for  as  the  Damps  (either 
fulminating,  which,  taking  Fire,  deflroy  the  Men  and  ruin  the  Works, 
or  a-rfenical,  which  kill  by  their  poifonous  Nature)  are  fome  fpecifically 
lighter,  and  fome  fpecifically  heavier  than  common  Air,  this  centrifugal 
Wheel  can  in  a  little  Time  drive  down  Air  through  wooden  Trunks 
(or  Launders)  of  7  Inches  bore,  in  fuch  Quantities  into  the  deepeft  Mines 
as  to  caufe  all  the  light  Damp  to  come  out  at  the  Top  of  the  Pit ;  or, 
by  only  altering  two  Sliders,  fuck  away  all  the  heavy  poifonous  Damp, 
whilft  wholefome  Air  goes  down  from  above  Ground  into  the  Pit,  fo  as 
to  fill  all  the  fubterraneous  Caverns  with  frefh  and  wholefome  Air. 

Likewife  a  great  many  of  the  Difficulties  which  attend  the  carrying 
on  fubterraneous  Paflages  for  the  Conveyance  of  Water  from  Mines 
(called  Soughs,  Adits,  or  Drifts)  may  be  removed  by  the  Help  of  this 
Wheel  *,  for  the  frefh  Air  may  be  driven  in  a  very  little  Time  to  the 
Place  where  the  Men  are  at  work,  though  at  the  Diftanceof2,  3,  or  4, 
Miles,  and  therefore  alfo  to  any  intermediate  Space  j  whereas  the  Prac¬ 
tice  now  is,  either  to  make  a  double  Drift  with  Communications  between 
the  two  for  the  Circulation  of  the  Air,  or  to  fink  perpendicular  Shafts 
or  Pits  from  the  Top  of  the  Hill  over  the  Adit  •,  both  which  Methods 
are  very  expen  five,  and  (I  dare  fay)  will,  upon  Tryal,  be  out-done  by 
the  Application  of  my  Machine. 

A  Defcription  X.  T  hefe  IV a  ter-  Bellows  A  and  A,  are  made  of  Wood,  not  unlike  the 

ShaPe  of  Diving-Bells,  in  the  Form  of  a  Conus  Truncatus,  and  confe- 
1  called  Water*  quentty  wider  below  than  at  top,  where  they  are  furniffied  with  clofe 
Bellow,  by  Heads  B  and  B,  but  at  the  lower  Ends  E  and  E,  quite  open.  At  the 
Martin  Trie-  Heads  B  and  B,  are  two  Valves  V  and  V,  which  open  inwardly,  and 
raid’  F'  rnd'  are  made  like  the  Claps  of  other  Bellows ,  with  their  Hinges,  and  the 
chanTs,  and  Valves  themfelves  covered  with  Hatters  Felt,  and  are  ffiut  by  an  eafy 
Military  Ar-  Steel  Spring,  till  the  Air  from  above  opens  the  fame,  which  happens 
chit  ea.  to  bis  only  when  thefe  Bellows  receive  their  Motion  upwards  ;  but  are  fhut  by 
vTifo^B  means  ^  PtefTure  of  the  Air  within,  when  they  fink  down  into  the 
*p.  231° June*  Water*  On  the  very  fame  Heads  are  two  pliable  Leathern  Tubes  R 
iAc.  1738.  and  R,  fixed  one  at  the  Top  of  each  Water -Bellows,  which  Tubes  are 
dated  Stock -  made  and  prepared  in  the  fame  manner  as  thofe  ufed  in  Water-Engines 

holm  May  26.  for  extinguiffiing  of  Fire.  Thefe  Leathern  Tubes  or  Pipes  reach  from 
jr-g  9*7,  t^ie  Bellows  to  Wooden  Tubes  T,  T,  which  carry  the  Wind  into  the 
Iron  Furnace  M,  or  any  other  Place,  according  to  Pleafure. 

Thefe  Bellows  are  likewife  provided  with  Iron  Chains  k ,  K,  which  are 
faflened  to  two  Sweeps  S,  S,  by  which  means  they  hang  perpendicular 
from  the  Beam  of  the  Balance,  and  at  the  fame  Dillance  from  the  Cen¬ 
tre  of  it’s  Motion  C. 

On  the  Balance  are  two  Hoping  Gutters  F,  F,  into  which  the  Water 
alternately  runs  from  the  Gutter  G,  and  fo  gives  Motion  to  the  whole 
Work  j  fothat  thefe  laffi  mentioned  Gutters  F,  F,  do  the  fame  Service 
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as  an  Over-fliot,  or  any  other  Water-Wheel,  and  coft  a  great  deal  lels, 
but  give  as  even  and  regular  a  Motion,  as  any  Pendulum ,  for  meafuring 
of  Time  ;  for  as  foon  as  fo  much  Water  runs  into  either  of  the  afore¬ 
mentioned  inclined  Plains  of  the  Gutters,  fo  that  the  Momentum  of  the 
Water  exceeds  the  Fridlion  near  the  Centre  of  Motion  C,  the  Gutter 
immediately  moves  down  with  a  Velocity  increafing,  till  the  Balance 
meets  with  the  Refiftance  of  the  Wooden  Springs  FI  and  FI,  and  at  the 
fame  time  raifes  the  oppofite  Water-Bellows,  or  that  Bellows  which  is 
fixed  under  the  oppofite  Gutter.  In  the  fame  Moment  again  as  the  faid 
Gutter  begins  it’s  Motion,  being  come  down  on  the  Spring,  delivers 
all  the  Water  it  has  received;  at  the  very  fame  time  the  Water  begins 
to  run  into  the  oppofite  Gutter,  which  receives  it’s  Load  of  Water  ai~ 
moft  as  foon  as  the  former  is  emptied  ;  fo  that  one  of  the  Gutters  does 
it’s  Effect,  as  foon  as  the  other  has  done  his,  and  this  alternately  one 
after  another. 

Thefe  Hoping  Gutters  on  the  Balance  do  therefore  all  the  Service  and 
Effedt  which  a  Water-Wheel  does  in  working  the  ordinary  Bellows ,  and 
that  by  means  of  the  Power  which  the  Water  applies  to  the  Wheel  of 
giving  the  ordinary  Bellows  their  Motion,  after  the  fame  manner  does 
the  Water  here  empower  the  Hoping  Gutters  to  do  the  fame  Work. 

But  as  for  the  manner  and  by  what  means  thefe  Water- Bellows  are  fit 
to  blow  the  Fire,  and  to  perform  the  fame  as  Leathern  or  Wooden 
Bellows ,  there  is  no  other  Reafon,  but  the  very  felf-fame  wherein  the 
Effedf  of  the  ordinary  Bellows  confifts.  For  an  ordinary  pair  of  Bellows 
blow  for  no  other  Reafon,  but  that  the  Air,  which  enters  the  Bellows , 
and  which  they  contain  when  raifed,  is  again  comprefled  or  forced  into 
a  narrower  Space,  when  the  Bellows  clofe  :  Now  fince  the  Air,  like  all 
other  Fluids,  moves  to  that  Place  where  it  meets  with  the  leaft  Re¬ 
fiftance,  the  Air  muft  confequently  go  through  the  Opening  which 
is  left  for  the  fame,  with  a  Velocity  proportioned  to  the  Force  by  which 
the  Air  is  comprefled,  and  muft  of  neceflity  blow  ftronger  or  weaker, 
in  regard  to  the  Velocity  by  which  the  Top  and  Bottom  of  the  Bellows 
meet ;  the  Blaft  alfo  will  laft  in  Proportion  to  the  Quantity  of  Air  that 
was  drawn  into  the  Bellows  through  the  Valve  or  Wind-clap. 

This  does  after  the  fame  manner  happen  in  our  Water-Bellows  *,  for 
the  Air,  which  they  contain,  cannot  force  itfelf  down  through  the  Water 
more  than  through  a  well-fecured  Deal-board  with  Pitch  ;  when  the 
Bellows  are  lowered  down  into  the  Water,  the  Air  which  they  contain 
muft  neceflarily  be  comprefled  by  the  Water,  which  rifes  alternately 
into  the  Bellows  A  and  A  ;  fo  the  Air  muft  recede  and  go  through  the 
Leathern  Tubes  R,  R,  where  the  Air  meets  with  the  lead  Refiftance. 
From  all  which  it  undoubtedly  follows,  that  the  larger,  that  is  to  fay, 
the  more  Air  th ek  Water- Bellows  are  made  to  contain,  and  the  greater 
the  Velocity  is  by  which  they  are  made  to  defcend  into  the  Water,  fo 
much  greater  is  their  Eflfel ;  and  that  the  Effe£l  which  they  are  able  to 
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perform,  mull  be  equal  to  that  of  Leathern  or  Wooden  Bellows  of  the 
fame  Capacity,  in  containing  an  equal  Quantity  of  Air. 

As  to  the  Advantages  which  this  new  invention  has  in  regard  to  thofe 
u fed  hitherto,  it  is  a  known  Thing,  that  the  Power  which  works  your 
common  Bellows  ufed  at  Iron  Furnaces,  mu  ft  be  fufficient  not  only  to 
comprefs  the  Bellows ,  but  at  the  fame  time  to  force  down  the  Leaver  with 
it’s  Weight  or  Counterpoife  ;  which  Leaver  ferves  again  to  raife  the 
Bellows ,  when  the  Cog  or  Button  on  the  Axle-tree  of  the  Water-Wheel 
fiides  off  from  the  Bellows -tree ,  fo  that  the  Power  muft  be  fufficient  at 
once  to  produce  two  different  Effects  ;  whereas  thefe  new  Water- Bellows 
require  fcarce  any  greater  Power  but  what  is  neceffary  to  overcome  the 
Friction  near  the  Centre  of  Motion,  or  the  Axis  C  ;  for  in  this  my  In¬ 
vention  an  Advantage  is  obtained,  which  very  rarely  happens  in  Mecha- 
nicks,  viz.  ‘That  the  Weight  to  he  moved  is ,  as  here ,  on  the  Balance  in 
jEquilibrio ;  fince  the  Bellows  A  and  A  cannot  be  otherwife  conceived 
than  as  two  equal,  though  heavy,  Weights  in  a  pair  of  Scales,  which  ba¬ 
lance  one  another,  although  their  Weight  be  ever  fo  great ;  fo  that,  if 
each  of  thefe  Bellows  fhould  weigh  a  Ton,  they  muft  ftill  equiponderate  ; 
which  is  fo  much  eafier  attained  to,  fince  it  requires  very  little  Art  to 
make  them  both  of  a  Weight,  and  order  them  at  equal  Diftances  from 
the  Centre  of  Motion.  It  is  confequently  known  how  fmall  a  Power  is 
required  to  fet  the  Scales  of  a  Balance  with  equal  Weights  in  Motion, 
notwithftanding  the  Weight  may  be  as  great  as  poffible  ;  all  which  may 
with  good  Reafon  be  applied  to  thefe  W at er- Bellows. 

And  though  it  cannot  be  denied,  but  that  the  Bellows  which  finks 
down  into  the  Water-hole  or  Sump  N,  grows  fo  much  lighter,  as  it 
lofes  of  it’s  Weight  in  Water,  by  which  means  the  Water-Bellows  to  be 
raffed  grows  fo  much  heavier,  as  the  former  lofes  of  it’s  Weight  by  be-" 
ing  let  down  into  the  Water;  yet  this  is  compenfated,  if  we  confider, 
that  the  Water  which  falls  down  along  the  (loping  Gutter,  acquires  a 
Power  of  a  falling  Body  *,  which  Power  increafing  in  the  fame  Propor¬ 
tion  as  the  Bellows  to  be  raffed  grows  heavier,  this  Power  Hilts  admirably 
well  the  Weight  to  be  raifed  ;  for  the  Bellows  that  finks  down  into  the 
Sump  N,  does  not  at  once  lofe  it’s  Weight  in  the  Water,  but  gradually 
as  it  comes  deeper  into  the  fame ;  and  after  the  fame  manner  the  amend¬ 
ing  Bellows  does  not  grow  at  once  heavier  than  the  other,  but  gradually, 
gro wingffieavieft  juft  when  the  lowermoft  Edge  gets  even  with  the  Sur¬ 
face  of  the  Water ;  and  that  happens  at  the  fame  Inftant  of  Time  when 
the  Power  of  the  Water  in  the  Hoping  Gutter  is  at  the  higheft  pitch,  or 
has  received  it’s  greateft  Momentum. 

This  fhews,  I  hope,  very  plain,  that  the  Power  required  to  work 
thefe  Water-Bellows ,  is  far  lefs,  and  confequently  lefs  Water  will  be 
con  fumed  in  working  thefe  Bellows  than  thofe  commonly  ufed  ;  and 
again,  that  an  Iron  Furnace,  which  for  want  of  Water  to  work  the 
common  Bellows ,  cannot  be  kept  at  work  longer  than  6  Weeks,  though 
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it  be  provided  with  all  other  Neceffaries,  may,  by  means  of  fuch  Water- 
Bellows  as  here  defcribed,  be  kept  at  work  at  lead  as  long  again. 

It  is  furthermore  a  known  thing  to  Miners,  of  what  prodigious  JLofs 
and  Inconvenience  it  is,  when  the  Hearth  or  Mouth  of  an  Iron  Furnace 
is  placed  low,  in  a  wet  and  damp  Place,  which  they  oftentimes  are  forced 
to  do,  in  regard  to  the  Axle-tree  of  the  Water- Wheel  which  works  the 
Bellows ;  for  which  Reafon  fuch  Furnaces  as  (land  in  the  like  mold 
Places,  give  daily  confiderably  lefs  Iron,  than  others  which  are  better 
fituated.  There  is  likewife  not  a  fmall  Difficulty  to  find  a  fit  Stuation 
for  fuch  Iron  Furnaces  where  Iron  Guns  are  calf,  and  require  deep  Pits 
under  the  Mouth  of  the  Furnace  :  But  by  means  of  this  new  Invention 
of  Bellows ,  one  may  be  at  Liberty  to  place  the  Mouth  of  the  Furnace  as 
high  as  one  pleafes,  feeing  it  is  very  eafy  to  guide  the  Blad  by  means  of 
Wooden  or  Leaden  Tubes,  as  far  as  neceffiary,  and  in  a  proper  Direction 
into  the  Furnace  ;  which  Advantage  cannot  fo  eafily  be  obtained  by 
thofe  Bellows  in  common  ufe. 

Further,  this  , may  be  accounted  as  no  fmall  Advantage  which  thefe 
Bellozvs  afford,  in  being  of  fo  very  eafy  a  Structure,  that  any  Carpenter 
at  fir  ft  Sight  is  able  not  only  to  conftruft  the  whole  Engine,  but  eafily 
repair  every  Part  of  the  fame,  requiring  at  the  fame  time  the  lead  Re¬ 
pairs  of  any  that  can  be  ufed ;  and  if  the  Bellows  fhould  be  caft  Iron, 
they  would  lad  for  ieveral  Ages;  and  when  cad  drong,  they  would  not 
require  any  Weight  to  fink  readily  in  the  Water.  One  might  caufe 
them  to  be  covered  with  Lead,  or  make  them  of  thin  Copper  with  a 
thick  Leaden  Hoop  at  top,  to  make  them  fink.  As  lor  their  Shape,  it 
is  not  abfolutely  neceffiary  they  fhould  be  of  the  fame  as  the  Figure  de¬ 
notes;  for  in  cafe  one  would  not  bedow  Iron  Hoops  on  the  Bellows , 

•they  might  be  made  fquare,  in  a  Triangle,  or  any  other  Shape,  provided 
they  be  as  wide  again  at  botttom  as  at  top;  and  if  they  be  made  of 
Wood,  it  will  be  neceffiary  to  provide  an  Edge  round  the  Tops,  for 
containing  Stones  or  Leaden  Weights,  as  much  as  will  be  found 
neceffiary  to  make  them  fink  readily,  when  they  are  lowered  down  into 
the  Water. 

Ladly,  If  we-  will  con fider  the  Charge  of  thofe  Bellows  made 
ufe  of  at  Iron  Furnaces,  as  to  the  Bellows  themfelves,  the  Water-Wheel 
and  it’s  Axle-tree,  &c.  and  compare  the  fame  with  the  Cod  o\ 
thefe,  we  fhall  eafily  find  a  vad  Difference,  not  to  mention  the  vad 
Charges  of  keeping  the  common  Bellows  in  Repair.  But  before  I  con¬ 
clude,  I  think  myfelf  obliged  to  mention,  that  the  Blafi:  of  thefe 
Bellows  is  governed  and  moderated  in  the  fame  manner  as  the  common 
ones,  viz.  by  fetting  more  or  lefs  Water  into  the  Hoping  Gutters, 
and  by  taking  out  and  letting  in  Plugs  for  that  purpofe  placed  in  Holes 
near  the  Top  of  the  Water- Bellows. 

XL  When  a  long  and  heavy  Body  lying  on  the  Ground  is  to  be  An  Account  of 
raifed  up  at  one  End,  (like  a  Leaver  of  the  fecond  Kind)  while  the  fome  nf-zu  Sta- 
other  End  keeps  it’s  Place  and  becomes  the  Centre  ot  it’s  Motion  •,  ucul  Fx P‘’'T: 
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New  Statical  Experiments: 

the  Prop,  that  is  made  ufe  of  to  fupport  it  at  any  Point  in  it’s  whole 
Length,  fudains  a  certain  Preffure  from  the  Beam.  Now  the  Expe¬ 
riments  which  1  fhall  make  are  to  (hew,  by  a  Force  drawing  always 
in  the  Diredion  of  the  Prop,  what  is  the  Quantity  of  the  Preffure 
on  the  Prop,  according  to  the  Length  of  the  Prop,  the  Angle  which 
it  makes  with  the  Beam,  or  with  the  Horizon,  and  the  Didance  from 
the  Centre  of  Motion  of  the  Beam  at  which  the  Prop  is  applied. 
For  when  the  Prop  is  taken  away,  the  Force  drawing  in  the  Diredion 
of  the  Prop  will  keep  the  Beam  in  Aequilibrio  *,  and  a  Force  ever  fo 
little  fuperior  to  the  Friction  added  to  the  Power,  will  make  it  over- 
poife  the  Beam  and  raife  it  higher  *,  but  overcome  the  Power  and  bring 
down  the  Beam,  if  it  be  added  or  applied  to  the  Beam. 

Though  in  every  Cafe  and  Experiment  we  have  this  Analogy  taken 
from  mechanical  Principles,  viz,  that 

The  Intenfity  of  the  Power  : 

Is  to  that  of  the  Weight  •, 

As  the  Didance  of  the  Line  of  Diredion  of  the  Weight: 

Is  to  the  Didance  of  the  Line  of  Diredion  of  the  Power. 
Yet  to  find  thofe  Didances  nicely  in  the  feveral  Applications  of  the 
Prop,  we  mud  have  Recourfe  to  geometrical  Condrudions  and  Rea- 
fonings.  With  thefe  and  the  algebraical  Exprefiions  of  the  fame,  the 
Experiments  exadly  agree. 

I  defign  to  give  to  the  Society  a  Paper  upon  this  Subjed,  wherein 
will  be  explained  not  only  the  Invedigation  of  the  Proportion  be¬ 
tween  the  Power  or  Preffure  fudained  by  the  Prop  and  the  Weight 
of  the  Body  fupported,  but  alfo  the  Determination,  of  the  Maximums 
of  Predure,  where  there  are  any,  and  the  Nature  and  organical  De- 
fcriptions  of  fome  particular  Kinds  of  Curves  of  the  third  Order,  de- 
fcribed  by  one  End  of  the  Prop  in  it’s  fucceflive  different  Situations. 

The  Numbers  made  ufe  of  in  thefe  Experiments  are  the  refult  of 
the  Calculations  ;  and  all  I  propofe  now  is  to  fhew  the  Experiments 
by  Means  of  a  Machine  which  I  contrived  for  the  Purpofe,  and  got 
executed  with  great  Nicety,  not  in  Ornaments,  but  only  where  Nicety 
in  a  mechanical  Indrument  ought  to  be  obferved  s  a  Caution  ufeful 
in  many  other  Machines. 

In  this  Machine,  the  Iron  Bar,  or  Parallellipiped  reprefenting  the 
heavy  Body,  weighs  12  Drams,  12  dwt>  12  Grains,  or  6060  Grains, 
and  it’s  Centre  of  Gravity  is  at  the  Didance  of  20  Inches  and  a  half 
from  it’s  Centre  of  Motion. 

The  Props  I  make  ufe  of  are,  .the  one  of  five,  and  the  other  of 
ten  Inches.  To  overcome  the  Fridtion,  allowed  for  by  certain  Rules 
in  all  Cafes,  I  ufe  a  nice  Brafs  Pulley  of  three  Inches  Diameter,  whofe 
Pivots  are  but  —L  of  an  Inch  in  Diameter  5  fo  that  the  60th  part 
of  the  Power  added  to  it,  will,  in  all  Cafes,  overcome  the  Fridtion. 
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First  Case. 

In  which  the  Prop  is  perpendicular  to  the  Horizon  exemplified  by  two 

Experiments . 

The  Prop  is  equal  to  5  Inches,  and  placed  under  a  Point  in  the  Bar  Exp.  L 
10  Inches  diftant  from  the  Centre  of  Motion.  Here  the  Power  a&ing 
in  the  Diredtion  of  the  Prop,  able  to  keep  the  Bar  in  that  Situation, 
or  the  Preffure  fuftained  by  the  Prop,  will  be  found  250  Ounces,  17 
dwt.  15  Grains  ;  and  the  Fri&ion  8  dwt.  15  Grains.  The  Foot  of 
the  Prop  is  to  be  at  8  Inches  and  ~L  from  the  Centre  of  Motion. 

If  the  fame  Prop  of  5  Inches  is  placed  under  a  Point  in  the  Bar  at  Exp.  It 
30  Inches  from  the  Centre  of  Motion,  the  Power  or  Preffure  will  be 
8  Ounces,  12  dwt.  13  Grains  ;  and  the  Fridlion  equal  to  2  dwt.  21 
Grains.  The  Foot  of  the  Prop  is  to  be  diftant  from  the  Centre  of 
Motion  29  Inches 

Second  Case. 

In  which  the  Prop  is  prependicular  to  the  Bar ,  exemplified  by  three  Expe* 

riments. 

.  \ 

Now  let  the  Prop  (ftill  five  Inches  long)  be  placed  fo  as  to  be  per-  Exp.  I» 
pendicular  to  the  Bar  in  a  Point  12,  Inches  diftant  from  the  Centre  of 
Motion.  Here  the  Power  expreflive  of  the  Preffure  fhould  be  19 
Ounces,  18  dwt.  4  Grains,  and  the  Fridtion  6  dwt.  15  Grains;  but 
on  account  of  a  Correction  neceffary  to  be  made  to  this,  (becaufe  the 
Bar  is  thick  as  well  as  heavy,  and  the  Centre  of  Gravity  above  the 
Surface  to  which  the  Prop  is  applied)  the  Power  or  Preffure  fuftained 
will  be  only  19  Ounces,  15  dwt.  5  Grains,  and  the  Friction  6  dwt.  14. 

Grains. 

N.  B.  The  Diftance  of  the  Foot  of  the  Prop  in  this  Cafe  is  13 
Inches  from  the  Centre. 

The  Prop  here  is  10  Inches  long,  (ftill  perpendicular  to  the  Bar)  Exp.  It 
under  a  Point  in  the  Bar,  24  Inches  diftant  from  the  Centre.  The 
Power  equal  to  the  Preffure  fuftained  fhould  be  (if  the  Bar  wasonly 
heavy,  and  not  thick)  9  Ounces,  19  dwt.  4  Grains  ;  the  FridUon  3 
dwt.  11  Grains  and  an  half;  but  with  the  proper  Corredtion,  which  i 
fhali  explain  hereafter,  it  mult  be  only  9  Ounces,  17  dwt.  15  Grains; 
the  Friction  7  dwt.  7  Grains.  Here  the  Foot  of  the  Prop  is  to  be  26 
Inches  from  the  Centre. 

If  the  End  of  the  Prop  is  placed  under  a  Point  in  the  Bar,  fo  that  Exp.  IIE 
the  Horizontal  Diftance  of  the  Foot  of  the  Prop  be  exactly  equal  to  the 
Diftance  of  the  Centre  of  Gravity  from  the  faid  Centre  of  Motion,  viz. 

20,5  Inches;  the  Power  or  Preffure  fuftained  by  the  Prop  will  be  pre- 

cifely  equal  to  the  Weight  of  the  Bar,  viz.  12  Ounces,  12  dwt.  iz 

* 3  o  Grains. 
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(Trains.  In  this  Cafe,  the  Prop  is  diftant  from  the  Centre  of  Motion 
on  the  Bar  17,9  Inches,  and  the  Fridion  4  dwt.  5  Grains. 

The  .T  h  i  r  d  Case. 

hi  which  the  Angle  made  by  the  Prop  with  the  horizontal  Line  is  given, 

either  acute  or  obtufe. 

Al  this  Cafe  is  very  intricate,  (on  Account  of  the  feveral  Powers  of 
iec  Sine  and  Cofine  of  the  given  Angle,  which  are  multiplied  into  the 
Prop  and  into  the  Weight  of  the  Beam)  we  will  exemplify  it  only  in 
one  Experiment  ;  which  is,  when  the  Angle  made  by  the  Prop,  with 
the  horizontal  Line^  contained  between  the  Foot  of  the  Prop  and  the 
Centie,  is  acute:  I  hen  there  is  a  Maximum  of  Preffure,  which  1  will 
fnew  by  Experiment  to  be  the  very  fame  as  the  Calculation  gives.  I 
fuppofe  the  Angle  made  by  the  Prop  and  the  horizontal  Line  to  be  60 
Degrees :  I  he  Calculation  of  this  Maximum  (hews,  that  if  the  Prop  is 
10  Inches  long,  the  Diftance  meafured  upon  the  Bar,  to  which  the 
upper  End  of  the  Prop  mull  be  applied,  will  be  10  Inches—^,  the 
Bat  itieif  making  then  an  Angle  of  about  52  Degrees  12  Minutes; 
and  the  horizontal  Diftance  between  the  Centre  of  Motion  and  the  Foot 
of  the  Prop  is  then  n  Inches—. 

N.  B.  Three  Things  are  to  be  remarked  in  this  Cafe: 

1.  That  when  the  Angle  made  by  the  Prop  and  the  horizontal  Line 
contained  between  the  Centre  of  Motion  and  the  Foot  of  the  Prop' 

wLCUte’  ■?  Whe  laft  Experiment,  there  is  always  a  Maximum: 
Whereas  if  the  fame  Angle  was  obtufe,  there  would  be  no  pofitive 
Maximum ;  for  then  the  Preffure  would  continually  increafe,  the  nearer 
the  Prop  is  to  the  Centre  of  Motion. 

2.  That  when  the  Angle  of  the  Prop  with  the  Horizon  is  acute 
as  in  the  laft  Experiment,  the  Bar,  or  long  and  heavy  Body,  can  be 
raifed  by  applying  the  Power  or  Prop  always  with  the  fame  Angle 
to  the  Plorizcn,  quite  up  to  a  vertical  Situation. 

3*  d  hat  the  firft  Cafe,  which  is  when  the  Prop  is  perpendicular 
to  the  Horizon,  is  only  a  particular  Cafe  of  this  more  general  one. 

The  Fourth  Case 

Is,  when  the  Angle  made  by  the  Prop  with  that  part  of  the  Beam  con¬ 
tained  between  the  Point  to  which  it  is  applied ,  and  the  Centre  of  Mo¬ 
tion,  is  given  either  acute  or  obtufe . 

As  the  Expreffion  of  the  Power  in  this  Cafe  is  fully  as  intricate  as 
in  the  laft,  I  will  only  give  one  Example  or  Experiment  *,  and,  for 
t'ne  greater  Satisfaction  of  thofe  that  lee  it,  I  chofe  that,  wherein  the 
Preffure  is  in  it’s  Maximum.  I  fuppofe,  as  before,  the  Angle  made  by 
the  Prop,  (ftiil  iQ  Inches  long)  with  that  Part  of  the  Beam  contained 
2  between 
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between  the  Point  to  which  it  is  applyed,  and  the  Centre  of  Motion, 
to  be  acute  and  of  60  Degrees  ;  then  the  Maximum  of  Preffure  will  be, 
when  the  part  of  the  Beam  intercepted  between  the  Centre  of  Motion 
and  the  upper  End  of  the  Prop  is  12  Inches  —  ;  the  Bar  is  then  ele¬ 
vated  about  50  Degrees  13  Minutes,  and  the  horizontal  Diftance  be¬ 
tween  the  Centre  of  Motion  and  the  Foot  of  the  Prop  is  then  1 1 
Inches 

N.  B.  Obferve  alfo  in  this  Cafe  as  in  the  lad. 

1.  If  the  Angle  made  by  the  Prop,  and  the  part  of  the  Beam  inter¬ 
cepted  between  the  Point  of  Application  and  the  Centre  of  Motion, 
is  acute,  there  will  always  be  a  Maximum.  The  contrary  will  happen, 
if  that  Angle  is  obtufe. 

2.  If  the  Angle  is  acute,  the  Bar  cannot  be  raifed  up  to  a  vertical 
Situation  by  applying  the  Power  or  Prop  condantly  with  the  fame 
acute  Angle  •,  but  it  may  be  raifed  quite  up,  if  the  Angle  of  the  Prop 
with  the  Beam  is  obtufe. 


3.  The  fecond  Cafe  is  but  a  particular  Cafe  of  this  general  one. 
For  the  Reafons  of  all  thofe  Things,  the  Corrections  neceffary  to  be 
made  on  account  of  the  Thicknefs  of  the  Bar,  the  Nature  and  orga- 
nical  Defcription  of  fome  Curves,  and  feveral  other  remarkable  Con- 
fiderations  on  this  SubjeCt,  I  mud  refer  to  the  Paper  I  lhall  give  in  to 
the  Society. 

XII.  The  Advantage  it  would  be  to  have  Lenfes  of  the  fpherical 
Kind,  Segments  of  a  true  Sphere,  hath  occafioned  the  Invention  of 
many  Machines  and  Methods  of  Grinding,  in  order  to  produce  fuch 
Segments  :  But  nothing  hitherto  made  publick  hath  anfwered  the  End 
propofed.  • 

The  bed  Methods  now  in  Ufe  will  only  produce  an  Approxima¬ 
tion  to  a  truly  fpherical  Figure,  but  demondrably  not  one,  though 
the  Artificer  fhould  employ  the  utmod  Skill  and  Care  in  the  Ufe  of 
the  bed  Machines  hitherto  invented  :  And  indeed,  at  prefent.  Gen¬ 
tlemen  have  nothing  to  depend  on,  that  their  Lenfes  are  nearly  fphe¬ 
rical,  but  the  Care  and  Integrity  of  the  Workmen  ;  in  which  how 
often  they  are  deceived,  is  too  obvious  to  every  one  who  hath  Oc- 
cafion  to  ufe  fuch  Lenfes. 

I  therefore  beg  Leave  to  fubmit  to  your  Confideration  the  Effects 
of  a  Machine,  which,  as  it  is  contrived  to  turn  a  Sphere  at  one  and 
the  fame  time  on  two  Axes  which  cut  each  other  at  Right  Angles, 
with  equal  Velocity  and  Preffure  on  each  of  them,  I  conceive  it  is°de- 
mondrable,  that  (without  any  Skill  or  Care  in  the  Workman)  it  will 
produce  a  Segment  of  a  true  Sphere,  barely  by  turning  round  the 
Wheels  ;  which  if  fo,  the  Confequences  will  be, 

1/,  That  all  Grinders  of  fuch  Glaffes,  will  gladly  ufe  them  ; 
a  labouring  Man,  whom  they  hire  for  lefs  Wages,  being,  by  the  Help 
of  this  Machine,  able  to  do  more  Work  in  a  Day,  that  a  fkilful  Ar¬ 
tificer,  without  it,  in  two  Days.  And, 

\  VOL.  VIII.  Part  i.  Go  idly. 


Fhe  Figure 
of  a  Machine 
for  grinding 
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ed  by  Mr  Sa¬ 
muel  Jenkins, 
No.  459.  p. 
555.  Jan. 

See.  1741. 
dated  Nov. 
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2 dly,  All  Gentlemen  will  have  the  Pleafure  to  know  the  Lenfies  they 
make  ufe  of  are  truly  fpherical,  it  being  impoffible  this  Machine  fhould 
produce  any  other  Figure. 

Explanation  of  A.  A  Globe  covered  with  Cement ,  in  which  are  fixed  the  Pieces  of  Glafis 
Fig.  98.  to  be  ground*  Ibis  Globe  is  fafiened  to  the  Axis ,  and  turns  with  the 
Wheel  B.  C.  Is  the  brafs  Cup ,  which  polifloes  the  Glafs  :  Phis  is  fafiened 
to  the  Axis ,  and  turns  with  the  Wheel  D.  So  that  the  Motion  of  this  Cup 
C  is  at  Right  Angles  with  the  Motion  of  the  Globe  A. 
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Of  the  Me  a  Jure 
and 'Motion  of 
running  Wa¬ 
ters  . 

Effayl*  of  Wa¬ 
ter  running  out 
of  a  Vejfel  al¬ 
ways full  thro 
a  round  Hole , 
and  of  it's  Re- 
ffiance  drifng 
from  a  Defefl: 
of  Lubricity',  by 
James  Jurin, 
M.D.F.R.S . 
No. 45 2.  p.5. 
Jan.  &'c. 
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H  E  Ancients  had  no  other  Meafiure  of  running  Waters,  than 
_  that  uncertain  and  fallacious  one,  which  having  no  Regard 
to  the  Velocity,  depended  wholly  on  the  perpendicular  Section  of  a 
Stream.  The  firft,  who  opened  a  way  to  the  Truth,  was  Benedibf 
Caftelli ,  an  Italian  and  Friend  of  Galileo .  He  having  difcovered  that 
the  quantity  of  Water  flowing  through  a  given  Section  of  a  Stream  is 
not  given,  as  the  Ancients  thought,  but  that  it  is  proportional  to  the 
Celerity  with  which  the  Water  is  carried  thro*  the  given  Se&ion,  by 
this  noble  Difcovery  laid  the  Foundation  of  a  new  and  moil  ufeful 
hydraulick  Science.  This  Difcovery  therefore  engaged  the  Philofophers 
to  ftudy  this  Dodlrine  with  fo  much  Diligence,  that  after  Caftelli9 s  Time 
there  was  hardly  any  eminent  Mathematician,  who  did  not  endeavour 
to  add  fomething  thereto,  either  by  Experiments,  or  by  Reafonings  and 
Arguments  d  priori . 

But  moft  of  them,  notwithftanding  their  great  Abilities,  had  no 
Succefs  therein,  becaufe  of  the  exceeding  Difficulty  of  the  Work.  For 
thofe,  who  ftudied  the  Theory,  laid  down  fuch  Theorems  as  were  found 
to  be  falfe,  when  brought  to  the  Tefl  by  Experiments  ;  and  thofe,  who 
laboured  in  making  Experiments,  omitting  to  okferve  fome  minute 
Circumftances,  the  Importance  of  which  they  had  not  yet  perceived, 
differed  greatly  from  one  another,  and  aim  oft  all  of  them  verred  from 
the  real  Meafiure. 

Of  this  there  cannot  be  given  a  better  Example  than  that  fimple  and 
eafy  one,  which  has  generally  been  a  Foundation  to  all  the  reft,  and  is 
what  we  have  now  undertaken  to  handle  diligently,  when  Water  runs, 
out  thro*  a  circular  Hole  made  in  the  Bottom  of  a  Veffel  conftantly  full, 
with  a  conflant  Velocity.  Poleni  alone  has  given  the  true  Meafure  of 
the  Water  flowing  out,  or  at  leaft  very  near  the  true  one*,  and  Sir 
I  Newton  alone  has  laid  the  Foundation  of  difeovering  that  Meafure  ^ 
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tho’  mofl  have  rejedted  it,  and  fome,  concealing  the  Authors  Name, 
have  pretended  it  to  he  their  own. 

We  fhall  therefore  make  our  Attempt  under  the  Condudl  of  thefe  two 
Leaders  •,  and  in  the  drib  place  propofe  under  the  name  of  Phenomena 
fuch  things,  as  either  appear  from  Experiments,  or  are  confirmed  by 
certain  Reafonings  drawn  from  them  ;  and  in  the  laft  place,  we  brail 


attempt  the  Solution  of  thofe  Phenomena.  . 

It  The  Depth  of  the  Water,  and  the  Time  of  flowing  out  being  Phenomena  of 

given,  the  Meafure  of  the  effluent  Water  is  nearly  in  Proportion  to  the  %^2gt°fa 

Hole.  Hole  in  the 

2.  The  Depth  of  the  Water,  and  alfo  the  Hole  being  given,  the'  Bottom  of  a 

Meafure  of  the  effluent  Water  is  in  Proportion  to  the  Time.  Viffelamflast- 

3.  The  Time  of  flowing  out,  and  the  Hole  being  given,  the  Meafure  Mu‘  • 
of  the  effluent  Water  is  nearly  in  a  fubduphcate  Proportion  to  the 


Height  of  the  Water.  -- 

4.  The  Meafure  of  the  effluent  Water  is  nearly  in  a  Ratio  compounded 
of  the  Proportion  of  the  Hole,  the  Proportion  of  the  Time,  and  a 
fubduplicate  Proportion  of  the  Depth  of  the  Water. 

5.  The  Meafure  of  Water  flowing  out  in  a  given  Time  is  much  lefs 
than  that,  which  is  commonly  afflgned  by  Mathematical  Theorems. 
For  the  Velocity  of  effluent  Water  is  commonly  fuppofed  to  be  that, 
which  a  heavy  Body  would  acquire  in  Vacuo  in  falling  from  the  whole 
Height  of  the  Water  above  the  Hole;  and  this  being  fuppofed,  if  we 
call  °the  Area  of  the  Hole  F,  the  Height -of  the  Water  above  the 
Hole  A,  the  Velocity  which  a  heavy  Body  acquires  in  falling  fw  Vacuo 
from  that  Height  V,  and  the  Time  of  falling  T,  and  if  the  Water  flows 
out  with  this  conflant  Velocity  V,  in  the  Time  T  ;  then  the  Length  of 
the  Column  of  Water,  which  flows  out  in  that  Time  will  be  2  A  •,  and 
the  Meafure  of  it  will  be  2  A  F.  But  if  we  calculate  from  the  mod 
accurate  Experiments  of  Poleni  *,  we  fhall  find  the  quantity  of  Water, 
which  flows  out  in  that  Time,  to  be  no  more  than  about  IOOO  of  this 

JVl6ClfuV6  2  A  F. 

This  Illuftrious  Performs  Experiments,  are  in  my  Opinion  preferable 
to  all  others,  not  only  becaufe  of  his  extraordinary  Diligence  and  Accuracy, 
but  on  other  Accounts  alfo.  He  found,  that  the  Quantity  of  Watei 
bowing  out  of  a  Ye  del  thro’ a  cylindrical  Tube  far  exceeded  that,  which 
bowed  through  a  circular  Hole  made  in  a  thin  Lamina ,  the  Tnoe  and 
Hole  being  of  equal  Diameter,  and  the  Height  of  the  Water  over  both 
being  alfo  equal.  And  he  found  it  to  be  fo,  when  the  Tube  was  in- 
ferted,  not  into  the  Bottom,  which  others  had  obferved  before,  but 

into  the  Side  of  the  Vefifel.  ^  r,  ,  . 

Now  a  Hole  made  in  the  thinned  Lamina  mult  be  confidered  as  a 

fhort  cylindrical  Tube.  Whence  it  appears  that  a  greater  quantity  of 
Water  runs  thro*  a  Hole  made  in  a  thin  Lamina ,  than  would  have  run 


*  Polenus  de  CetJiHlis'y  Art.  35*  3^*  39*  4^>  43* 
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out,  if  the  Thicknefs  of  the  Lamina  had  been  infinitely  fmall,  as  they 
exoreis  themfelves.  But  as  fuch  a  Lamina  can  neither  exid,  nor  even  be 
conceived  by  the  Imagination,  it  remains  that  we  increafe  the  Diameter 
of  the  Hole,  that  the  Thicknefs  of  the  Lamina  may  bear  the  lead  Pro¬ 
portion  poiTible  to  the  Diameter  of  the  Hole. 

This  Poleni  performed  with  great  Judgment,  when  he  made  ufe  of 
a  Diameter  of  26  Lines,  and  a  Lamina  not  quite  a  Line  thick  \  where¬ 
as  before  him  hardly  any  one  made  ufe  of  a  Diameter  of  above  6  or  7 
Lines,  or  ever  attended  to  the  Thicknefs  of  the  Lamina  or  Bottom  of 
the  VefTel,  except  Sir  I.  Newton ,  who  mentions  his  making  ufe  of  a 
very  thin  Lamina . 

But  Poleni  exceeded  all  others,  in  confidering  not  only  the  Size  of 
the  Hole  but  of  the  VefTel  alfo,  that  the  Water  might  defcend  toward 
the  Hole  with  the  greatefl  Freedom  and  lead  Impediment,  fo  that  there 
can  be  no  doubt  but  that  the  Meafures  taken  "by  him  come  much  nearer 
the  Truth  than  any  other. 

6.  Since,  as  we  havejud  now  feen  the  Meafureoi  the  Water  running 

out  in  the  above-mentioned  Time  T,  is  2  A  F  x  — the  Length  of  the 

1000  0 

Column  of  Water,  which  runs  out  in  that  Time,  is  2  A  x  .  There- 

1000 

fore  if  each  of  the  Particles  of  Water,  which  are  in  the  Hole  in  the 
fame  Space  of  Time,  pafies  with  equal  Velocity,  it  is  plain  that  the  com¬ 
mon  Velocity  of  them  all  is  that  with  which  the  Space  2  A  x  -£ZL 

r  1000 

would  be  gone  over  in  the  Time  T,  or  the  Velocity  V  x  .  But 

1000 

this  is  the  Velocity  with  which  Water  could  fpring  in  Vacuo  to  near  i  of 
the  Height  of  the  Water  above  the  Hole. 

7.  But  when  the  Motion  of  Water  is  turned  upwards,  as  in  Fountains, 
the  Fountains  are  feen  to  rife  almod  to  the  entire  Height  of  the  Water 
in  the  Cidern.  Therefore  the  Water,  or  at  lead  fome  Portion  of  the 
Water,  fpouts  from  the  Hole  with  almod  the  whole  Velocity  V,  and 

certainly  with  a  much  greater  Velocity  than  V  x  $1— . 

1000 

8.  Hence  it  is  evident,  that  the  Particles  of  Water,  which  are  in  the 
Hole  at  the  fame  Point  of  Time,  do  not  all  burd  out  with  the  fame 
Velocity,  or  have  no  common  Velocity.  The  Mathematicians  have 
hitherto  taken  the  contrary  to  be  certain. 

9.  At  a  fmall  Didance  from  the  Hole,  the  Diameter  of  the  Vein  of 
Water  is  much  lefs  than  that  of  the  Hole.  For  Indance,  if  the  Dia¬ 
meter  of  the  Hole  is  1,  the  Diameter  of  the  Vein  of  Water  will  be 
or  0,84  according  to  Sir  /,  Newton's  Meafure,  who  firft  obferved  this 

wonderful 
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wonderful  Phenomenon ;  according  to  Poleni'%  Meafure  ~  or  ;  that 

2  0  26 

is,  if  you  take  the  mean  Diameter*  0,78  nearly. 

We  fhould  now  proceed  to  the  Solution  of  thefe  Phenomena  *,  but 
before  we  do  this,  it  will  be  convenient  to  acquaint  the  Reader  with  the 
following  Particulars. 

1.  We  confider  Water  no  otherwife  than  as  a  fluid,  continuous* 
Body,  the  Parts  of  which  yield  to  the  leaft  Force,  and  are  thereby 
moved  amongft  themfelves. 

2.  By  effluent  Water  we  underfland  that  Quantity  of  Water,  which 
actually  paflfes  out  of  the  Hole:  and  tho’  it  may  feem  unnecefiary,  yet 
I  have  thought  it  proper  to  mention,  that  in  my  Differ tation  on  the 
Motion  of  running  Waters ,  inferted  about  24  Years  ago  in  the  Philofophical 
Tranfaftions ,  by  defluent  Water  I  underftood  that  whole  Quantity  of 
Water,  which  is  put  in  Motion  within  the  Veflfel,  and  defcends  towards 
the  Hole. 

3.  We  confider  the  Amplitude  of  the  Veflfel  as  infinite,  or  at  lead 
fo  great,  that  the  Decreafe  of  the  Depth  of  Water  therein  in  the  whole 
Space  of  Time,  in  which  the  Water  flows  out  of  the  Hole,  is  im- 
perceptable. 

4.  We  confider  Water  as  running  out  with  a  conflant  Velocity.  At 
the  beginning  indeed  of  the  Motion  it  runs  out  for  a  very  fmall  Space 
of  Time  with  a  lefs  Velocity  than  afterwards.  But  we  pafs  over  the 
very  beginning  of  the  Motion,  and  inveftigate  the  Meafure  and  Motion 
of  Water,  when  it  has  acquired  it’s  utmoft  Velocity.  Now  this  muft 
necefiarily  be  conflant,  as  long  as  the  Height  of  the  fuperincumbent 
Water  remains  the  fame. 

5.  We  conceive  the  Bottom  of  the  Veflfel  no  otherwife  than  as  a 
Mathematical  Plane,  or  at  lead  as  fo  thin  a  Lamina ,  that  it’s  Thicknefs 
is  hardly  any  with  regard  to  the  Diameter  of  the  Hole. 

6.  By  the  Meafure  of  effluent  Water  in  the  following  Pages  we  always 
underfland  that  Quantity  of  Water,  which  flows  out  of  the  Hole  in 
the  fame  Space  of  Time  that  a  heavy  Body  falling  in  Vacuo  would  take 
in  paffing  through  the  Height  of  the  Water  above  the  Hole, 

7.  By  the  Motion  of  effluent  Water  we  underfland  the  Sum  of  the  Mo¬ 
tions  or  all  the  Particles  of  Water,  which  run  out  of  the  Hole  in  the 
above-mentioned  Space  of  Time,  But  the  Motion  of  every  Particle 
is  as  the  Faftum  of  the  Particle  itfelf,  and  of  the  Velocity  with  which  it 
burflsout  of  the  Hole. 

8.  That  what  we  fhall  fay  hereafter  may  be  the  more  eafily  conceived, 
we  fhall  fir  ft  propofe  the  more  fimple  Cafes,  and  then  proceed  to  thofe 
which  are  more  compound,  but  nearer  to  the  true  flate  of  things. 

Thus  in  the  firft  Problem,  that  the  Solution  may  be  the  more  fimple, 
we  fuppofe  the  Water  to  run  out  of  the  Hole  into  a  Vacuum ,  and  the 

Particles 
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Particles  ..of  Water,  whilft  they  defcend  towards  the  Hole,  to  be  with.- 
out  any  Refiftance  arifmg  from  a  Defedl  of  Lubricity. 

In  the  fecond  and  third  Problem  .the  Efflux  of  the  Water  is  dill  fup- 
pofed  to  be  in  Vacuo ,  but  we  conceive  the  Particles  of  Water,  whilft 
they  defcend  towards  the  Hole,  to  meet  with  fome  Refiftance  for  want 
of  Lubricity,  but  fo  fmall,  that  the  Decreafe  of  the  Motion  of  the 
Water  running  out  of  the  Hole  occafioned  thereby,  is  to  be  accounted  as 
nothing. 

In  the  fourth  and  fifth  we  ftili  retain  the  the  Suppofition  of  the  Vacuum  \ 
but  the  decreafe  of  the  Motion  of  the  effluent  Water  for  want  of  Lubricity 
is  fuppofed  to  be  fenfible. 

Laftly.  in  the  fixth  and  following  Problems,  we  confider  the  thing  as 
it  really  is,  when  it  is  tranfadled  in  the  Air,  fo  that  the  Particles  of 
Water  fufrera  fenfible  Refiftance,  not  only  from  each  other  for  want  of 
Lubricity,  within  the  Veffel,  but  alfo  after  their  going  out  of  the  Veflfel, 
from  the  Attrition  of  the  ambient  Air. 

To  determine  the  Motion,  Meafure,  and  Velocity  of  Water  running  into 
<7  Vacuum  thro*  a  Hole  in  the  Bottom  of  a  Veffel ,  where  the  Particles  of 
Water  meet  with  no  Refiftance  for  want  of  Lubricity . 

So  long  as  the  Hole  is  flopped,  the  Stopper  luftains  the  Weight  of 
a  Column  of  Water  lying  perpendicularly  over  it.  On  removing  the 
Stopper,  the  Column  of  Water,  which  lies  perpendicularly  over  it, 
being  no  longer  fuftained,  by  it’s  Preflure  caufes  the  Water  to  run  out 
thro*  the  Hole,  and  after  having  brought  it  to  it5s  due  Velocity,  keeps 
tho  Velocity  of  the  effluent  Water  conftant  by  ids  conftant  Preflure. 

It  muft  be  conceived  indeed,  that  the  Motion  of  the  Water  running 
out  of  the  Hole  is  derived  not  only  from  the  Weight  of  the  perpendicular 
Column,  but  partly  from  the  PreiTure  of  this  Column,  and  partly  from 
the  Preflure  of  the  furrounding  Water.  But  this  makes  the  Motion  of 
the  effluent  Water  neither  greater  nor  Ids,  than  if  it  arofe  from  the 
Preflure  only  of  the  perpendicular  Column  :  not  lefs,  becaufe  the  PreiTure 
of  the  perpendicular  Column’  if  it  is  not  obftru&ed,  will  generate  a 
Motion  proportionable  to  itfelf,  and  it  cannot  be  hindered  but  fo  far  as 
the  furrounding  Water  urges  the  effluent  Water  :  not  greater,  becaufe 
the  Preflure  of  the  furrounding  Water  can  add  nothing  to  the  Motion 
of  the  effluent  Water,  unlefs  it  takes  away  as  much  from  the  Preflure  of 
the  perpendicular  Column. 

Therefore  the  adequate  Motion  of  the  Water  flowing  out  of  the 
Hole  is  the  PreiTure,  or  Weight,  of  the  Column  of  Water  over  the 
Hole.  But  a  given  Force,  howfoever  applied,  generates  a  given  Quan¬ 
tity  of  Motion  in  a  given  Time,  towards  thofe  Parts  whither  the  Force 
tends.  Therefore  the  Weight  of  the  incumbent  Column  generates  a 
like  Quantity  of  Motion  in  a  given  Time  in  the  effluent  Water,  as  it 

could  generate  in  tfie  fame  Time  in  the  Column  itfelf  falling  freely  thro9 
a  Vacuum .  '  - 


i 
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4  Now  becaufe,  by  the  Hypolhefis ,  the  Particles  of  Water  find  no  Refinance 
for  want  of  Lubricity,  and  all  thole  Particles,  which  are  juft  going  out  in 
the  very  Hole,  are  urged  by  an  equal  Prefifure  of  the  fuperincumbent 
Water,  it  is  plain  that  the  Velocity  of  all  thefe  is  equal. 

Let«z;  be  that  common  Velocity  ;  a  the  Height,  in  falling  from  which 
in  Vacuo  that  Velocity  would  be  acquired  •,  A  the  Height  of  the  Water 
above  the  Hole;  V  the  Velocity  acquired  by  falling  in  Vacuo  from  the 
Height  A  ;  T  the  Time  of  falling  from  the  fame  Height ;  F  the 
Area  of  the  Hole;  and -let  the  Water  flow  out  of  the  Hole  in  the 
Time  T. 

Now  becaufe  in  the  Time  T,  with  the  Velocity  V,  the  Space  2  A 

2A^ 

will  be  run  over,  the  Space  — will  be  run  over  in  the  fame  Time* 

with  the  Velocity  v.  Therefore  this  will  be  the  Length  of  the  Column 
of  Water,  which  flows  out  of  the  Hole  in  the  Time  T  ;  and  the  Mag¬ 
nitude  of  this  Column,  or  the  Meafure  of  the  Water  flowing  out  in  the 

Time  T,  will  be  ?■  ^  and  the  Motion  of  the  fame  will  be  2  ^  ^  ^ 


v  -  - — - - ~  V 

But  the  Motion,  which  can  be  generated  in  the  Column  of  Water 
over  the  Hole,  in  the  fame  Time  T,  if  carried  by  it’s  own  Weight  thro* 
a  Vacuum  is  thus. 

It’s  Velocity  will  be  V,  and  as  it’s  Magnitude  is  A  F,  it’s  Motion 
will  be  A  F  V. 

But  that  Motion ,  from  what  has  been  faid  above,  is  equal  to  the 
Motion  of  the  Column  of  Water  flowing  out  in  the  Time  T,  or  A  F  V 

2  A  F  vz 


V 


Hence  V  = 


2  v 

~T 


*  V*  V 

or  v  =  * — and  v  =  — 

•  2  \J  2 


Moreover  the  Meafure  affigned  above  of  the  Water  running  out  in 

2  AF 


the  Time  T 
Q.  E.  I. 


2  AF't;  2AF  V 

V  V  V2 


s!  2 


=  A  F  x  /  2, 


A  \ 

Since  a  :  A  :  :  v2  ;  Y2 ;  therefore  a  ==  that  is,  a  ==  ^  X  Cofol 


V: 


or  a  = 


A 

2 


Therefore  the  Height  ar  which  the  eflfuent  Water 


can  reach  by  turning  the  Motio, n  upwards,  is  half  the  Height  of  the 
Water  in  the  Veffel  above  the  Hole  ;  which  is  the  very  Height  deter¬ 
mined  by  Sir  I,  Newton y  Princip,  Ed.  3.  Lib .  2,  Prop.  36; 
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Scholium, 
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If  we  afcribe  to  the  effluent  Water  that  Velocity,  which  is  acquired  by 
falling  from  the  whole  Height  of  the  Water  above  the  Hole,  that  is,  it 
we  fuppofe  the  Velocity  -u  =  V,  then  the  above  determined  Motion  ot 


the  Water  2  AJf  ^  =  2  A  F  V,  or  double  that  Motion,  which  can  be 

generated  by  the  Column  over  the  Hole,  and  therefore  not  to  be  ge¬ 
nerated  but  by  double  this  Column  ;  as  we  are  taught  by  Sir  I.  Newton, 
Princip .  Ed.  2  and  3.  Lib.  2.  Prop.  36. 

This  Meafure  here  determined  or  2  A  F  x  0,707,  as  it  falls 

far  fhort  of  that  which  is  generally  determined  by  Mathematicians, 
namely  2  A  F,  fo  it  far  exceeds  that  Meafure  which  is  fhewn  by  Potent  s 
Experiments,  or  2  A  F  x, 0,571,  and  no  wonder,  for  what  is  fuppofed 
in  this  Problem,  that  the  Particles  of  Water  find  noRefiftance  in  running 
down,  the  Hypothecs  is  far  from  the  true  ftate  of  things. 

To  determine  the  Motion,  Meafure,  and  Velocity  of  Water  running  out 
into  a  Vacuum  thro *  a  circular  Hole  in  the  middle  Part  of  the  Bottom  of  a 
cydindrical  Vefflel ,  where  the  Particles  of  Water  find  fome  Refinance  for  want 
of  Lubricity,  but  fo  /mail ,  that  the  Beer eafe  of  the  Motion  of  the  effluent 
Water  occafioned  thereby  cannot  be  accounted  any  thing .  . 

Let  A  B  C  D  be  an  immenfe  cylindrical  Vefifel,  E  F  a  circular  Hols 
made  in  the  middle  Part  of  the  Bottom,  and  the  Water  being  perfe&ly, 
at  Reft  and  unmoved  in  the  Vefifel,  let  the  Stopper  be  removed  from  the 
Hole,  that  a  Pafifage  may  be  opened  for  the  Water  thro*  the  Hole.  ^ 

Then  becaufe  the  Water  has  been  hitherto  unmoved,  and  now  begins 
to  runout  thro’  the  Hole,  and  the  Water  placed  above  follows  that  which 
runs  out,  and  the  natural  Motion  of  the  Water  is  not  difturbed  by 
pourincr  any  over  it,  and  the  Hole  is  in  the  very  middle  of  the  Bottom, 
that  Portion  of  Water,  which  is  in  Motion,  and  defeends  towards  the 
Hole,  will  necefifarily  afifume  fome  regular  Figure  A  H  E  FK  B,  of 
which  the  lower  Bafc  is  the  Hole  itfelf,  and  the  upper  Bafe,  the  upper 
Surface  of  the  Water  A  B,  and  all  the  horizontal  Se&ions^  are  circular. 
We  call  this  a  Cataraft,  but  we  do  not  yet  examine  what  is  the  Figure 
of  the  Cat ar aft :  it  is  fufficient  for  our  prefent  Defign,  to  obferve  that  it  is 
regular,  and  that  the  fame  Quantity  of  Water  pafifes  in  a  given  Time 

thro’  each  of  it’s  horizontal  Sections.,  .  .  , 

*  Now  becaufe  all  that  Water  which  tends  downwards,  is  contained 

in  the  Cataraft ,  it  follows  that  the  reft  of  the  Water  AHEC,  BKh  D, 
which  is  without  the  Cataraft ,  has  no  Motion  at  all,  and  is  perfectly  at 
Reft.  Therefore  in  any  horizontal  Se&ion  of  the  Cataraft  H  c  R, 
whofe  Centre  is  c  the  Points  H,  K  fhall  reprefent  the  Bounds 
between  the  Water  defeending  towards  the  Hole,  and  the  furrounding 
quiefeent  Water. 
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Moreover,  as  the  Point  K  is  the  Bound  of  Motion  and  Red,  and  the 
Particles  of  Water,  whilft  they  are  in  Motion,  find  a  R enhance  for 
want  of  Lubricity,  the  Particle  of  Water  *  within  the  Cataract ,  and 
next  to  the  Point  K,  muff  be  carried  downwards  only  with  the  lead 
Velocity.  Otherwife  it  would  necefTarily  carry  with  it  the  next  Particle 
/?,  placed  without  the  Gataraffi ,  contrary  to  the  LJypothcJis .  But  the 
Particle  /3,  which  is  contiguous  within  to  the  Particle  will  not  defcend 
but  with  the  leaft  relative  Velocity  with  regard  to  the  Particle  oc\  becaufe 
othei  wife  it  would  carry  the  Particle  <x  away  with  it  by  accelerating  it, 
this  Particle  being  now  in  a  quicker  Motion,  would  carry  away 
with  it  the  Particle  a,  In  like  manner  the  Particle  y  being  placed  more 
within,  and  contiguous  to  the  Particle  (3,  will  defcend  with  the  leaft 
relative  Velocity  with  regard  to  the  Particle  /3,  and  the  other  Particles 
h  being  placed  one  more  within  than  another,  will  defcend  with 

the  leaft  relative  Velocity  with  regard  to  each  of  the  Particles  lying  next 
to  each  of  them  without.  _  And  by  this  means  the  abfolute  Velocity  of 
the  Particles  muft  necefTarily  increafe  gradually  from  the  bound  toward 
the  Centre  c,  that  the  Velocity  of  the  Water  may  be  greateft  in  the  very 
Centre,  and  leaft  at  each  Bound  K  and  H. 

But  it  is  neceflary  that  the  Refiftance,  which  each  quicker  Particle 
finds  from  the  Friction  of  the  adjacent  flower  Particle  placed  without, 
fhould  be  perpetually  equal  thro’  the  whole  Section  of  the  Cataratf. 
Otherwife  that  Particle,  which  finds  the  greater  Refiftance,  will  acce¬ 
lerate  the  adjacent  flower  Particle,  till  the  Refiftance  is  by  this  means 
diminifhed,  and  becomes  equal  to  that  Refiftance,  which  is  found  by 
the  other  Particles.  But  if  the  Refiflance  is  equal  every  where  thro*  the 
whole  Section  of  the  Cataract,  the  relative  Velocity  of  the  Particles 
will  be  alio  equal  every  where,  when  one  of  them  necefTarily  follows 
another. 

Therefore  the  abfolute  Velocity  of  every  Particle,  which  is  the  Sum 
of  all  the  relative  Velocities,  from  the  Circumference  of,  the  Sedlion 
to  that  very  Particle,  taken  ail  together,  is  in  the  Ratio  of  the 
Di  fiance  of  the  fame  Particle  from  the  Circumference  of  the  Cat  ar a  ft. 

Now  let  r  be  the  Radius  of  the  Hole,  m  to  i  in  the  Proportion  of  the 
Circumference  to  the  Diameter,  m  r 2  the  Area  of  the  Hole,  v  the 
Velocity  with  which  the  Water  defcends  in  the  Centre  of  the  Hole, 
a  the  Height  by  falling  from  which  in  Vacuo  the  Velocity  v  is  acquired, 
A  the  Height  of  the  Water  above  the  Hole,  V  the  Velocity  acquired 
by  falling  in  V acuo  from  the-  Height  A,  T  the  Time  of  falling  from  the 
fame,  z  the  Diftance  of  every  Particle  from  the  Centre  of  the  Hole,  and 
let  the  Water  run  out  in  the  Time  T. 

Now  the  Meafure  of  the  Water,  which  goes  out  of  the  Hole  in  the 
Time  T,  will  be  found  after  this  manner  :  2  will  be  the  Radius  of  every 

Circle  within  the  Hole,  2  m  z  the  Circumference  of  the  fame,  2  w  z  'z 
-VOL.  VIII,  Part j.  Pp  '  the 


2Q0 


HTDR  A  ULICKS. 


*1)  X  T  -  2j 

the  annulus  nafcens  adjacent  to  that  Circumference,  - - — -  the  Velo* 

city  of  the  Water  in  the  annulus  nafcens . 


Since  V  :  v  x 


r  —  2 


A  : 


2  A  v  x  r 


V  r 


z  ,  e  zAvxr —  z 
- ,  therefore  — - — — 

V  r 


will  be  the  Space,  which  the  Water  makes  in  flowing  thro*  the  annulus 
nafcens  in  the  Time  T,  and  the  Meafure  of  the  fame  Water  will  be 


2  m  z  z  x 


2  A  v  x  r  —  2  4  m  A  v  x  r  z  z  —  zz  z 


V  r 


V  r 


But  the  Meafure  of  the  Water  palling  thro5  the  annulus  nafcens  is  the 
Fluxion  of  the  Meafure  of  the  Water  paffing  thro5  a  Circle  whofe  Radius 
is  z.  Therefore  the  Meafure  of  the  Water,  which  paffes  thro5  this 
Circle  in  the  Time  T,  is  the  fluent  quantity  of  the  Fluxion  juft  now 


4 m  Av 

mentioned  x  r  z  z 


V  r 


2m  Av 


x  2  r  z*  —  z  z\ 


- -  .  4  m  A  v  3  r  z3,  —  2  zs 

zz  z ,  that  is  * — ~ — -  x  — - - 

V  r  6 

r  ..  j  ~  .  And  fuppofing  2:  =  r,  the  Meafure  of 

the  Water  palling  thro5  all  the  Hole  in  the  Time  T  will  be  found, 
2  tn  A  v  r2 

namely  - — ^  •  -  \  £ 

But  the  Motion  of  the  fame  Water  will  be  found  thus. 

The  Meafure  of  the  Water  running  thro5  the  annulus  nafcens'  in  the 

4  m  A  v 

Time  T  is,  as  we  have  juft  now  feen,  x  rzz  —  z2  z,  and  as 


it’s  Velocity  v  x 


r  • —  z 


,  it5s  Motion  will  be 


v  - 
x  - —  x  r 
r 


z  = 


r 

4  m  A  v‘ 
~Nrr~ 


4  m  A  v 
Vr 


x  rzz —  2  z2  z 


x  r2  z  z  —  2  r  z2  z  x  z3  z,  the  fluent 

Quantity  of  which  is4-=-*  ”*.  X  +  =  HA* 

V  r z  6  4  g  V  r 

x  6  r2  zz  —  8  r  z3  -j-  3  2  %  which  is  the  Motion  of  the  Water  flowing 

thro5  a  Circle  whofe  Radius  is  2.  And  fuppofing  %  =  r,  we  have  the 
Motion  of  the  Water  running  out  in  the  Time  T  thro5  all  the  Hole, 
m  A  v2  r2 

3  V  _  '  -  '  h 

But  this  Motion by  the  Solution  of  Prob.  I,  and  by  the  Hypothefis 
of  this,  is  equal  to  the  Motion ,  which  the  Column  over  the  Hole  can 

acquire 


1 
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acquire  in  the  fame  Time  T,  by  falling  with  it’s  own  Weight  thro1  a 
Vacuum ,  that  is  to  the  Motion  A  F  V,  or  A  Y  xmr *.  Therefore 


m  A  vz  r2 

~ — — —  =  m  A  V  rx. 

3  V 

Hence  v2  =  3  V2  and  ^  =  V  x  f  3. 

Moreover  the  above-mentioned  Meafure  of  the  Water  running  out 

2  m  A  v  r2  2mA  r* 

thro’  the  Hole  in  the  Time  T,  namely  — -  ■  ■■  x  V 

3  V  3  V 


2  Am  rz 

~~VT~ 


E.  I. 


A  A 

Since  V*  :  v7-  : :  A  :  a,  therefore  <2  =  ~  x  3  V1  =  3  A,  g^//. 


u 


Therefore  the  Height,  to  which  the  Water  can  rife  with  that  Velocity, 
with  which  it  runs  out  in  the  Centre  of  the  Hole,  is  triple  the  Height  of 
the  Water  above  the  Hole. 

The  Figure  ot  the  Cataraft  will  be  determined  after  the  following  coroll.  t, 
manner. 

Let  FI  K  be  any  Section  of  a  Cataract ,  whofe  Centre  isc,  and  let  ids  pjg.  ,0Ie 
Radius  be  c  K  the  Height  of  the  Water  above  that  Sedlion,  or 
I  c  ==  t  the  Time  of  falling  in  Vacuo  from  the  Height  x,  and,  as 
before,  let  L  F  =  r,  and  I  L  =  A. 

Now  the  Water  paffes  thro*  this  Section  HK  in  the  fame  Quantity 
as  it  runs  out  of  the  Hole  E  F. 

But  if  the  Veffel  is  fhortened,  fo  that  ids  Height  is  reduced  from  I  L 
to  I  r,  and  fo  that  Section  H  K  now  becomes  the  very  Hole  in  the 
Bottom  of  the  Veffel,  the  Water  will  pafs  in  a  given  Time,  thro’  this 
Sedlion,  in  a  Quantity  neither  greater  nor  lefs  than  it  paffed  before 
thro5  the  fame,  before  the  Veffel  was  fhortened  :  not  greater,  becaufe 
that  Sedlion  is  preffed  only  by  the  fame  Weight  of  the  fuperincumbenr 
Column,  by  which  it  was  preffed  before  *,  not  lefs,  becaufe  the  lower 
Water  HKFE  does  not  hinder  the  Motion  of  the  Water,  as  it  paffes 
thro5  the  Sedlion  H  K.  . 

Now  the  Veffel  being  fhortened,  the  Meafure  of  the  Water  running 
out  of  the  Hole  H  K  in  the  Time  /,  by  the  preceding  Solution,  is 


\ 


c 


2, 

2*  V  7TI  V  *  ^  #  ^ 

— 7 — — ,  and  the  Meafure  of  the  Water  running  out  in  the  Time  T 
v  3 


t  2  x  m  y2  T 
is  — 7-^-  x  — 
v/3  / 


2  x  m  yz  f  A  _  ,  f  .  . 

:  — . — ^  x  -7 — ,  For  T  :/::»/  A  :  v  av 

V  3  v'# 


•  But  from  what  has  been  faid  above,  the  Meafure  of  the  Water  running 
out  of  the  Hole  HK,  when  the  Veffel  is  fhortened  in  the  given 
Time  T,  is  equal  to  ihe  Meafure  of  the  Water  palling  in  the  fame  Time 

5;  "  P  p  2  *  thro" 
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a.  i. 


&/w.  ri. 


,  i  ’/  I 


H  r  D  R  A  U  L  I  C  K  S. 

/  /  »  •* 

thro5  the  Sedion  H  K,  when  the  Veffel  is  entire,  or  to  the  Meafure  of 
the  Water  running  out  of  the  Hole  E  F  in  the  fame  Time.  There¬ 


fore 


2  x  my2  s!  A  2  A  m  rz 


or y2  *J  x  =  r2  f  A,  or  jy1- „v  =  r4A, 


V  3  v'  #  V  3 
which  is  the  very  Equation  of  the  hyperpolical  Curve,  by  the  Ro¬ 
tation  of  which  I  formerly  fhewed  the  Figure  of  the  Cataratt  to  be 

generated*. 

A  1 

The  Meafure  of  the  Water  now  found  ‘LmJH.L  or  2  A  w  H 


^  3 


Xo?57735°  is  a  fm  all  matter  greater  than  t  \\t  Meafure  2  Amr2  x  0,571, 
which  is  obtained  from  Poleni9 s  Experiments.  But  this  difference,  at 
leaft  in  fome  Part,  proceeds  hence,  that  in  this  Problem  the  Decreafe 

of  the  Motion  of  the  Water  arinng  from  Refifiance  is  accounted  for 
nothing. 

The  Meafure  of  the  effluent  VWter  determined  by  this  Solution  is 
right,  if  we  confider  the  Height  of  the  Veffel  as  infinitely  great  with 
Regard  to  the  Diameter  of  the  Hole.  But  as  this  Height  has  a  finite 
Proportion  to  the  Diameter  of  the  Hole,  the  Meafure  will  be  fomething 
lefs,  fo  that,  when  the  Height  is  5  times  greater  than  the  Diameter,  it 
wil]  differ  fro the  truth  only  tZo00,  and  when  it  is  double,  only  about 


i 

Ti  i 


#  t  1  ^  U  U  U  /  ^  v*  V  y  V/ 141  T  UU  V/  U  Id 

which  Differences  are  fmaller  than  can  be  difcovered  by  any 
Experiment.  1  1 

But  this  very  fmall  Difference  proceeds  from  this,  that  the  above- 
mentioned  relative  Velocity,  and  therefore  the  ‘abfolute  Velocity  of 
the  Particles  of  Water,  which  we  have  confidered  as  in  a  Diredion 
perpendicular  to  the  Horizon,  are  really  in  a  Direction  fomething  ob¬ 
lique,  when  every  Particle  comes  nearer  to  the  Axis  of  the  Cataratt  in 
defcending. 

But  if  any  one  de fires  to  obtain  a  true  and  accurate  Solution,  when 
the  Altitude  of  the  Water  has  any  Proportion  whatfoever  to  the  Diameter 
of  the  Hole,  it  may  be  done  after  the  following  manner. 

From  the  property  of  the  catarattic  Curve  explained  in  Cor.  2.  of  this 
Problem,^  by  which  y*  x  —  r4  A,  the  Subtangent  of  this  Curve  will  be 
found  to  be  to  the  Circumference  of  the  Hole  4  A,  and  to  the  Circum¬ 
ference  of  any  Sedion  the  Subtangent  will  be  4#,  that  is,  equal ‘to  the 
Height  of  iheAVater  above  that  Sedion  taken  4  times. 

But  fuch  a  catarattic  Curve  is  difcribed  not  only  by  the  outer  Water, 
which  Bows  beyond  the  Circumference  of  the  Hole,  but  alfo  by  that 
Part  of  the  Water,  which  flows  thro5  any  Annulus  of  the  Hole  *  that  is 
every  Particle  of  Water  defcribes  fuch  a  Curve. 

,  N°w  ]et  3  be  the  Diflance  of  any  Particle  placed  in  the  Hole  from 
*ne  ^entre  of  the  Hole,  and  let  this  Particle  defcend  thro*  the  kali 
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Space 
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Space  imaginable  in  a  Tangent  to  the  cataraflic  Curve.  Hence  it’s  Ve- 
locity  will  be  in  the  Dire&ion  of  this  Tangent,  or  the  Velocity  v  x  — — ~ 

explained  in  this  Problem  to  the  Velocity  of  the  fame  in  a  Direction 

Perpendicular  to  the  Horizon  as  \/  1 6  Az  -j- zz  :  4  A. 

Therefore  the  Velocity  in  a  Direction  perpendicular  to  the  Horizon 

-  4  A 

is  v  x  r  —  2  x  --  — _ , 

16  A2  ^2:^ 

Plence  alfo,  by  following  the  Steps  of  the  above  Solution,  you  will 
have  for  the  Meafure  of  the  Water  palling  thro*  the  annulus  nafcens 

16  m  A *  v  v  r  z  z  —  za  z  .  - 

T  v  /7E a2  „ 

Now  the  fluent  Quantity  of  this  Fluxion  will  be  found,  by  the 

1 6  m  A 2  v 

Coteflan  Meafures  of  Ratios  Form.  V.  and  VI.  to  be  —  * 


2  r 


1 6  A2  -jr  zz  *-{-*  8  A2 


-j-  \/  16  A2  -J-  2’ 

4~A 


and 


16  m  Az  v 

by  making  firfi:  z  =  o,  and  then  2  =  r,  you  will  have  ~  ~r - 


x  —  1/  16  A‘  1 
2 


r2  —  4  A  r  -}~  8  A2 


r  -4-  V  1 6  A2  -f-  rz  i 

— : - - — 5 - ~  for  the 

*  4  A 


Meafure  of  the  Water  pafling  thro5  all  the  Hole  in  the  Time  T. 

Moreover,  by  proceeding  after  the  fame  manner,  you  will  have  for 

_  64  m  A3v* 

the  Motion  of  the  Water  pafling  thro’  the  annulus  nafcens 


rz  z  z  —  2  r  zz  z  -f-  %3  z  .  Qf  p]ux:on  the  fluent  Quantity, 


t-.  ^2. 


1 6  A2  -p 

64  m  AJ  v*  ,  2/—,4  r 

by  the  Coteflan  Form.  I  and  II,  will  be  found  *  ^  y  "  io  2 


r2 

16  Az  -f-z1  16  A2 

,  f,  A  2  —L-  7-  a 

•  _ - — J — —  -4-  2  r  s/  ~~?  16  A2 

2 

16  A2  2 

16  A2  s 

• 

2  -f- 


6  A- 


1 6  A2  "-p  zz 


6 4  w  A3 

and  by  fuppofing  z  r,  you  will  have  ^,/y 


1 6  A1 


in 
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,6A  ‘  +  + 


x6  /V 


~j-  2  r  \f  ——  1 6  A* 


v'  1 6  A2  -j-  r’ 


,_  3JL*,  which  is  the  Afrtw»  of  the  Water  parting  thro’  the  Hole  ia 

2 

the  Time  T. 


Now  let  M  =  ~  s/  1 6  A2  -f-  r2  , 


N  =  8  A: 


r  *-j—  s/  1 6  A2  -}—  r‘ 

“  4  A 


r  or 


N=4  A1 


16  A*  -j-  2  r2  +  2  r  16  A2  -j-  r2 

~  1 6  A* 


K  —  r%  —  1 6  A: 


L  =  2  r  \/  —  16  A2 


1 6  A2  ~f-  r2 
1 6  A2 


,  and 


r  ~ }—  \/  —  1 6  A2  * 

*/  1 6  A2  -j-  r2 


or 


L  —  2  r  x  4  A  ( Rad  :  Tang :  Sec  :  :  4  A  :  r  :  s/  1 6  A2  -j-  r2  )  and  the 
Meafure  of  the  Water  pafling  thro’  the  Hole  in  the  Time  Twill  be 

xM-j-N« —  4  Ar,  but  the  Motion  of  the  fame  Water  will 


1 6  yyi  A2 


be 


r  V 
64  02  A3  V 

r2  V  “ 


xL  +  K-ill. 


64  A3  ‘y2 


But  ,  ^  z:  y.—  xL  +  K-  =  m  r2  A  V,  wherefore  s>3 
r2  V  1  2  ' 

r4.  ys 


64  A2  x  L  -f-  K  — 


^  5  and  the  Meafure  of  the  Water  running 


v ;  _  M-j-N  —  4  A  r 

^ro5  the  Hole  in  the  Time  T  is  2  A  r  x  _ 3  r2 

But  if  inftead  of  the  Meafures  of  Ratio's  and  Angles,  you  would  rather 
make  ufe  of  infinite  Series^  the  above  Alcatfuvc  of  the  Water  running  thto 

the  annulus  nafeens ,  -  x  muft  be  reduced  to 


r  V 


\/  16  A2  ~f-£2 
16  A2 


this  Form,  77  x  rzz-zr2  x  — 

r  V  y/  16  Azf 


4  and  by  reducing 

1 6 


1 6  A4 
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m  v 


.  v.  " — ; t0  an  ‘n^n‘te  Series,  you  will  have - x  r  z  z  — •  2»  z 

/16  A'-pz!  r  V 

a  ,  3  5 z6  .  35  z3 

m  4  a  g  a.  -f-  gj  ^3  —  ^  x  8+  A*  i“  s~KT ’  —  &c>  f°r 

.  '}  *  •  V«  .. 

Meafure  of  the  Water  running  thro5  the  annulus  nafcens  ;  and  by  the 
fluent  Quantity  of  this  Fluxion,  or  by  ~~m  *ArZ  r * 


20  x  8  A 


+ 


5^ 


14  x  8J  A5  36  x  8*  A’  ^TTx  8'  A 


7  r 


lo 


&c.  we  Ihall  have 


the  Meafure  of  the  Water  running  out  thro5  all  the  Hole. 

Moreover  the  above  Motion  of  the  Water  palling  thro5  the  annulus 

nafcens  ^Lm  ^  *!  x  »  r«»z  «  4  A  p* 

J  r*  V  16  A1  -f-  z*  r*  V 


x  r2  z  z 


2  r  z2  z  ~f+  zr  z  X 


16  A4 


16  A2  -{f  z2 


4mA  v * 


zz 


x  rz  z  z  —  ir  z2  z  -\-z'  z  in  i  —  -- f~j~ 
2* 


2C 


6%  A* 


16.3  A6 


+ 


1 6*  A8 


165  AJo 


,  -+-  Sec,  and  by  the  fluent  Quantity  of  this 


4  m  A  v2  r 2  r4 

Fluxion,  or  by  — y— ‘  in  -  ~^x  l6  A.  + 


^.To 

360  x  163  A  660  x  i6+A8 


168  x  162  A* 

—  &c.  we  fhall  have  the  Motion 


the  Water  running  out  thro5  all  the  Hole. 
Therefore  A  m  rz  V  = 


y4 


4m  A  v2  .  rz 

~  — 7; —  in - — - _  * —  . 

v  J2  60  X  16  Aa  4 


&c.  Of; 


v1 


v 2  m _ ■ — 


r 2 


^  15x16  A4  i 

V2 

1  r 2 

Q  '  J  r  X  I  6  A  2 


&c.  or 


and  =  - —  . — 


r 2 


3  15  x  16  A2 

Whence  the  Meafure  of  the  Water  running  out  thro9  the  Hole,  m 


m 


■m 


* 


~V 


II  T  D  R  A  U  L  I  C  K  S. 
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?iob.  III. 


-m  v  .  '2  A  r% 

m  — — 


r+ 


V 


20  x  8  A  1  14  x  83  A 3 


5  ^ 

36  x  8 5  A5 


^  .  2  A  r1 

in  - - 


r4 


y 


t  r6  _  5  rs 

20x8  A  *  14  x  iFA?'  36X 8 

V 


T~  &c. 


&c« 


^  I 


/?/  in 


V 


1 

rz 

~  15  X 

16  A*  +  &c- 

2  A  rz 

r4 

,  ,  .  ...  .  _  | 

3 

20x8  A  T 

,  i 

7*2 

JU 

3 

'  15  x  16  A2  1 

See. 


Whence  at  length  the  Meafure  of  the  Water  running  out  of  the  Hole 
r  *  2  A  m  rz> .  r2  ,  r 4 


.  r  j  „  ,  2  A  ^  rz> . 

15  round  to  be - — —  in  1 


J  O 


20x16  A2  1  56  x  i6z  A4 


&c. 


Hence  by  fuppofing  A  infinite  with  refped  to  the  Diameter  of  the  Hole, 

'  2  A  771  Tz 

the  Meafure  comes  out  ==  — — 7— — ,^as  we  have  determined  in  this 

v  3 

Problem. 

When  A  =  10  r,  the  Meafure  = 
thereabouts. 


When  A  =  4  r  the  Meafure 


_  2  A  m  rz 

~~~  ~V1T~ 

2  A  7nrz 


xi  — 


32000 


or 


x  1 


or 


T  3  '  5I2° 

thereabouts. 

1  herefore  in  Head  of  the  true  Meafure,  we  may  take  the  Meafurt 

<2>  A  771  rz  . 

5  without  Danger  of  any  fenfible  Error,  even  in  fo  fmall  an 

Altitude,  and  much  more  in  an  Altitude  many  times  greater,  as  it  1*5 
ufually  in  Experiments ;  and  by  this  means  the  Computation,  from  be¬ 
ing  very  laborious  and  intricate,  becomes  moft  eafy. 

'The  fame  being  fuppofed ,  and  neglecting  the  Acceleration  of  the  Water 
without  the  Hole,  to  determine  the  Diameter  of  the  Vein  of  Water  to  the 
fmall ^  Diftance  without  the  Hole ,  where  the  Vein  is  7nofi  contracted,  and 
the  Vi elocity  of  the  Water  in  the  Vein  fo  contracted.  \ 

In  the  Solution  of  the  former  Problem  it  was  fhewn,  that  the  Particles 
of  Water  burfting  out  of  the  Hole,  do  not  come  forth  with  one  Velocity 
common  to  them  all,  but  with  the  greater  Velocity  as  they  are  lefs 
Diltant  from  the  Centre  of  the  Elole  5  and  that  the  relative  Velocity  of 

'  '  the 
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the'  inner  Particles,  with  regard  to  the  Particles  that  touch  each  of  them 
on  the  outfide,  is  conftandy  equal  thro9  all  the  Hole ;  and  that  this 
relative  Velocity  proceeds  from  the  Refinance,  which  the  Water  Ends, 
as  it  defcends  toward  the  Hole,  from  the  furrounding  Water. 

But  after  the  Water  is  gone  out  of  the  Hole,  and  it’s  outer  Surface 
mo  longer  finds  any  Refinance  from  the  furrounding  Water,  nor  from 
the  ambient  Air,  being  carried  thro*  a  Vacuum  by  the  Hypothecs ,  that 
relative  Velocity,  or  Inequality  ofabfolute  Velocity,  can  no  longer  remain. 
For  now  the  fwifter  Particles  muft  necefiarily  accelerate  the  flower  con¬ 
tiguous  Particles,  and  muft  alfo  themfelves  be  retarded  by  the  flower, 
till  they  have  all  acquired  one  Velocity  common  to  all  the  Particles: 
Which  will  happen  within  a  fmall  Space  after  their  being  come  out  ot 
the  Hole.  '  N 

But  whilft  all  the  Particles  are  acquiring  this  common  Velocity,  the 
Diameter  of  the  Vein  muft  necefiarily  be  contracted.  This  happens  in 
the  fame  manner,  as  when  a  rapid  River  is  joined  with  a  flower,  for 
Inftance  the  Rhone  with  the  Saone.  In  the  common  Channel  the  Velo¬ 
city  of  the  Water  brought  from  both  Rivers  is  equal,  and  the  Water  is 
tranfmitted  thro’  a  SeCtion  of  this  Channel  in  like  Quantity  as  it  was  be¬ 
fore  tranfmitted  thro*  the  Sections  of  both  Rivers :  But  a  SeCtion  of  the 
Rhone ,  after  it  has -received  the  Saone,  is  far  lefs  than  the  Sum  of  the 
Sections  of  the  Rhone  and  of  the  Saone ,  before  their  Conflux. 

Therefore  let  the  Radius  of  the  contracted  Vein  of  Water,  where  all 
the  Particles  in  the  fame  SeCtion  of  the  Vein  have  acquired  an  equal 
Velocity,  be  and  let  that  common  Velocity  be  called  u. 

Now  the  Meafure  of  the  Water  flowing  thro’  a  SeCtion  of  the  contracted 
Vein  in  the  Time  T  will  be  thus. 

2  A  v 

V  :  v  :  :  2  A  :  which  is  the  Length  of  the  Vein  of  Water 

2  A  u 

pafling  thro*  this  SeCtion  in  the  Time  T.  And  x  m  f  is  the  Mea¬ 
fure  of  the  Water  pafling  thro’  this  SeCtion  Jn  the  fame  Time. 

And  the  Motion  of  the  Water  pafling  thro*  the  SeCtion  of  the  Vein 

_  2  A  v  2  A  m  f  v2 

in  the  Time  T  is  ~~y~  *  m  f  x  u,  or  — — ~~ — -  * 

But  the  Meafure  of  the  Water  pafling  thro*  the  Section  of  the  Vein 
is  equal  to  the  Meafure  of  the  Water  running  out  thro*  the  Hole  in  the 

2  A  m  u  2  A  m  r%  2  rz  V 

fame  Time,  that  is,  - - - =  — ,  or  2  f  v  =  *  ^  ^ 

Moreover  the  Motion  of  the  Water  burfting  out  of  the  Hole,'  as  it 
is  not  altered  by  the  ACtion  of  the  Particles  on  each  other,  will  be 
equal  to  the  Motion  of  the  Water  running  thro’  the  SeCtion  of  the  Vein, 

V  O  L.  VIII.  Part  i.  Q^q  that 
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and  the  Altitudes  are  in  a  duplicate  Ratio  of 


the  Velocities  generated  by  falling  from  thence,  it  is  manifeft,  that 
this  is  the  Velocity  of  the  Water  in  the  contra&ed  Vein,  by  which 
it  can  rife  upwards'/»  Vacuo  to  i  of  the  Height  of  the  Water  above 
the  Hole. 

This  wonderful  Contraction  of  the  Vein  of  Water  was  firft  of  all 
difcovered,  about  30  Years  ago,  by  Sir  I.  Newton ,  when  he  was  con- 
fidering  the  Motion  of  effluent  Water  more  attentively,  on  Account 
of  fome  Difficulties  propofed  by  Mr  Cotes  ^  who  was  then  taking  care 
of  the  fecond  Edition  of  the  Principia  \  and  Potent ,  afterwards  con¬ 
firmed  it  by  many  Experiments.  From  that  Time  this  Phenomenon 
has  more  than  enough  exercifed  the  Wits  of  Philofophers :  But  the  true 
Caufe  of  this  Contraction  has  hitherto  efcaped  them  all. 

r  sj  2 

The  Radius  of  the  Vein  determined  by  this  Problem  5  or  r  x 

v  3 

©,8165,  is  a  little  lefs  than  the  Radius  r  xo,84,  delivered  by  Sir  Ifaac : 
and  a  little  greater  than  the  Radius  r  xo,78,  according  to  Poleni’s 
Meafure,  and  is  almoft  a  mean  between  them  both. 

V  J  7 

But  the  Velocity  above  determined  - — —  ,  by  which  the  Water  can 

rife  upwards  to  i  of  the  Height  of  the  Veffel  above  the  Hole,  dif¬ 
fers  very  far  from  the  Experiments,  by  which  Fountains  are  found 
to  rife  to  almoft  the  entire  Height  of  the  Ciftern.  Now  that  Diffe¬ 
rence  of  Velocity*  proceeds  from  the  Refiftance  of  the  ambient  Air, 
which  is  fo  far  from  diminifhing  the  Height  of  the  Spout*  as  is  com¬ 
monly  believed,  that  it  does  not  a  little  increafe  it,  as  will  appear  from 
the  Solution  of  Prob.  VII. 

From  what  has  been  Paid  above  in  Prob.  II.  Schol.  2.  it  appears 
that  thefe  Values  of  ^  and  u,  cannot  be  accounted  accurate,  unlefsthe 
Altitude  of  the  Water  be  accounted  infinite  with  regard  to  the  Dia¬ 
meter  of  the  Hole,  but  that  they  approach  very  near  to  the  true  Values 

if 
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if  the  Altitude  of  the  Water  is  double,  or  more  than  double  the  Dia* 
meter  of  the  Hole.  But  if  you  would  accurately  determine  the  fame 
Values,  you  may  ufe  the  Meafure  determined  in  the  fame  Scholium  or 

M  4-  N  —  4  A  r  ■  .  r  y 

2W  A  r  x  -'-T — »  whence  you  will  have  u  =  — - 
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V  JL  -j-  K  —  i  rz 


•J  L  -4-  K 


M-j-N  —  4Ar,and?“'v/2 


M  -p  N  —  4  A  r 


x  — 


L-h  K  —  ir 


.  You  may  alfo 


make  ufe  of  the  infinite  Seriefes  in  the  fame  Scholium. 

Phe  Water- running  out  from  a  circular  Hole  in  the  Middle  of  the  pf0’0,  rr 
Bottom  of  a  cylindrical  Veffel,  where  the  Particles  of  Water  in  running 
down  within  the  Vejfel  find  fo  great  a  Ref  fiance  from  the  Want  of  Lu¬ 
bricity,  that  the  Motion  of  the  Water  is  thereby  remarkably  diminiJhedM 
as  alfo  the  given  Meafure  of  the  effluent  Water ,  to  determine  the  Motion 
of  the  fame ,  and  the  Velocity  with  which  it  goes  out  through  the  Middle 
of  the  Hole . 

Let  the  given  Meafure  of  the  Water  running  out  in  the  Time  T 
be  2  m  r2  A  q.  Therefore  the  Meafure  afhgned  by  Analyfis  in  the 

Solution  of  Prob.  II.  will  be  equal  to  it,  namely  that  is 

3 

A  2  m  rz  A  v  vr 

2  m  rz  A  q=- - v —  *  or  v  ~  3  V  q. 

But  the  Motion  of  the  fame  Water  afligned  by  the  Analyfis  in  the 

mr  A  v  ^  ancj  by  fubflituting  inftead  of  vz  it’s 


fame  Problem  is 


3  V 


m  rz  A 


Value  juft  now  found,  that  Motion  becomes  — y—  x  9  V2  3  qz  m 

3 

r*AV.  Q.  E.  I. 

If  from  the  Motion,  which  can  be  generated  in  the  Time  T  by  the 
Column  of  Water  over  the  Hole,  or  from  mrz  A  V,  .be  fubtra&ed,  the 
Motion  of  the  Water  running  out  in  the  fame  Time,  3  qz  m  rz  A  V, 
there  remains  the  Motion  loft  in  the  Time  T  by  the  Refiftance  m  rv  A  V 

X  t  —  3  qz.  ■  -  ~  •  •*  ' 

If  you  defire  an  accurate  Solution,  you  muft  have  Recourfe  to  Prob,  II. 

■  .  1  C  w '  Az  v  , 

1 SchoL  2.  after  this  Manner  *}  2  mrz  A  q  —  - — •  x  T+N 

r  V  * 


Coroll \ 


Sebi/. 


4A  r,  whence^  =  V?k8AxSr 


N 


4  A  r 


And  th z  Motion 


Q^q  2 


of 
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of  the  Water  running  out  in  the  Time  T  will  be  m  rz  A  V  x  q%  rz 

whence  the  Motion  loft  by  the  Refiftance  in  the 


L-f-  K  — 


rz 


f  r'xLf  K-i  r\ 


M  —p*  -N  — -  4-  A  r  [ 

Time  T  will  be Mrz  A  Yxi  _  _ 

~M  -j-  N  —  4  A  r  \z  , 

With  the  fame  Pojitions  and  Data  ,  and  neglefting  the  Acceleration  of 
the  Water  without  the  Hole ,  to  determine  the  Diameter  of  the  Vein  of  Wa¬ 
fer  at  a  fmall  Dlftance  without  the  Hok ,  where  the  Vein  is  mofi  contradi edy 
and  the  Velocity  of  the  Water  in  the  Vein  fo  contra  Bed 

By  Prob .  III.  the  Meafure  of  the  Water  palling  through  a  Section  of 

the  Vein  in  the  Time  T  is  ;  But  this  is  equal  to  the  given 

Meafure  z  m  r%  A  q  ;  whence  f  v  =  r*  V  q. 

Moreover,  by  the  fame  Prob.  III.  the  Motion  of  the  Water  palling 

o  m  A 

through  a  Se<5lion  of  the  Vein  in  the  Time  T  is  — — — - ,  to  which 

ill  V 

is  equal  the  Motion  determined  by  the  former  Problem,  3  qz  m  rz  A  V, 
wherefore  2  f  vz  =  3  qz  rz  V2. 


2 


And  f  = 


3  (f  rz  V3 
2*  v  2  q  rz  V 

_  r1  V  q  __ 


„  2  f *  u 

But  u  =  — r— 

2  ^ 


r2  V  q  x 


3?V 


2  rz 


*,  wherefore  ^ 


r  sf  2 


3?  V  3  s  V  3 

Q.  E.  I. 

The  fame  Proportion  remains  between  the  Radius  of  the  Hole,  and 
the  Radius  of  the  contracted  V ein,  whether  the  Motion  of  the  effluent 
Water  be  in  any  Manner  diminilhed  by  Refiftance,  as  in  this  Prob.  or 

r  V  2 

not  diminilhed,  as  in  Prob .  III.  feeing  it  is  either  way  f  V2  -y— 

When  the  Motion  of  the  effluent  Water  is  diminilhed  by  Refiftance, 
the  Velocity  is  at  the  fame  Time  diminilhed  in  the  contracted  Vein. 

V  v  2  * 

For  when  in  Prob.  III.  it  had  been  u  =  - - it  now  becomes  u 


_  sqv 


,  that  is,  v  is  diminilhed  from  V  x  0,866  to  V  x  0,856, 


taking  q  =0,571,  according  to  Poleni’s  Experiments. 


Accurately  it  will  be  v  =  V  xrz  qx 


L  ±  K 


X 

3. 


X 


M  N  —  4  A  r 


M  N  —  4  A  r  I* 


J  L  -j~  K  1  rz 
Sc  hoi,  2, 


,  in  like  Manner  as  it  was  found  in  Prob.  Ill* 

'  *  The 
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The  Water  running  out  through  a  circular  Hole  in  ,the  Middle  of  the  Prob.  VI. 
Bottom  of  a  cylindrical  Veffel ,  when  the  Particles  of  Water ,  as  they  flow 
downwards  within  the  Veffel ,  fuffer  fo  great  a  Refiftance  from  a  Want 
of  Lubricity ,  that  the  Motion  of  the  Water  is  notably  diminifhed  thereby , 
and  alfo  the  Meafure  of  the  effluent  Water  being  given,  to  determine  the  Motion 
of  the  fame ,  and  the  Velocity  with  which  it  goes  out  through  the  middle 
of  the  Hole.  , 

Let  the  given  Meafure  of  the  Water  running  out  in  the  Time  T  be 
2  m  rz  A  q9  as  in  Prob.  IV.  and  by  help  of  the  fame  Problem  we  (hall 
have  the  Motion  of  the  fame  3  qz  m  rz  A  V,  and  the  Velocity,  with 
which  it  goes  out  through  the  Centre  of  the  Hole,  or  v  =  3  q  V. 

cl  e.  1. 

When  #is  given,  v  is  as  V,  that  is,  as  f  A.  .  CorolL 

You  will  find  thefe  accurately  determined  in  Prob .  IV.  Sc  hot.  Schol. 

The  Water  running  out  into  the  Air ,  and  neglecting  the  Acceleration  of  C  rob.  VII. 
the  Water  without  the  Hole  proceeding  from  Gravity ,  if  any  2  of  the  3 
following  are  given ,  namely  the  Meafure  of  the  effluent  Water ,  the  Veto - 
city  in  the  Axis  of  the  contracted  Vein ,  and  the  Diameter  of  the  fame  Vein , 
to  determine  the  remaining  one. 

When  the  Water  burfting  out  of  the  Hole  is  carried  through  a 
Vacuum ,  it  is  fliewn  in  the  Solution  of  Prob.  III.  that  the  Velocity 
of  the  Particles  of  Water  becomes  equal  through  the  whole  Sedion 
of  the  contradted  Vein  :  But  now,  when  the  Vein  is  carried  through 
the  Air,  that  Equality  of  Velocity  rnuft  necefiarily  be  taken  away. 

For  the  outer  Parts  of  the  Vein  ftir  the  furrounding  Air  into  Mo¬ 
tion,  and  are  retarded  by  it,  fo  that  they  cannot  acquire  an  equal 
Velocity  with  the  reft.  But  the  outer  Parts,  when  they  are  retarded 
by  the  Air,  retard  the  inner  contiguous  Parts,  and  they  the  next  * 
and  by  this  Means  every  inner  Particle  is  carried  fwifter  than  the  con¬ 
tiguous  outer  one,  fo  that  the  Velocity  is  greateft  in  the  Axis  of  the 
Vein,  and  lead  in  the  Circumference.  And  as  the  outer  Parts  are 
carried  more  (lowly  through  the  Air,  than  they  would  be  carried  through 
a  Vacuum ,  it  thence  comes  to  pafs,  that  the  middle  Parts  are  carried 
more  fvviftly,  the  Air  furrounding  the  Vein,  than  they  would  be  car¬ 
ried,  on  the  Removal  of  the  Air.  For  which  Reafon  the  middle 
Parts  of  the  Water  in  Fountains  rife  much  higher  in  the  open  Air, 
than  they  would  rife  in  Vacuo ,  as  we  obferved  at  the  latter  End  of 
Prob.  III.  Schol.  I. 

Moreover,  thofe  Parts  of  the  Air,  which  are  contiguous  to  the 
Vein  of  Water,  when  they  are  ftirred  into  Motion  by  the  Water, 
ftir  others  into  Motion,  that  lie  near  them  on  the  outfide,  and  thefe 
the  next  outer  ones,  and  thole  the  reft  fucceftively  to  forne  certain 
Diftance  from  the  Circumference  of  the  Vein. 

But  the  Velocity  of  the  Particles  of  Water,  muft  necefiarily  fo 
decreafe  from  the  Axis  of  the  Vein  to  ids  Circumference,  that  the 

relative  Velocity  of  every  Particle  wherefoever  fituated,  may  be  every 

where 
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where  one  and  the  fame,  with  refpeft  to  the  Particle  lying  on  the 
out  fide,  for  the  Caufes  mentioned  in  the  Solution  of  Prob.ll.  For 
if  any  Particle  has  a  greater  relative  Velocity  than  the  reft,  it  muft 
find  a  greater  Refiftance  from  the  Attrition  of  the  adjacent  Particle 
outwards,  and  by  that  means  will  be  brought  to  an  equal  relative 
Velocity  wicn  the  reft.  In  like  Manner  every  Particle  of  the 
furrounding  Air,  which  is  ftirred  into  Motion,  will  have  one,  and 
the  fame  relative  Velocity  with  Refpeft  to  the  adjacent  Particle  of 
Air  outwards. 

But  the  relative  Velocity  of  the  Particles  of  Water  among  thern- 
felves,  is  very  different  from  the  relative  Velocity  of  the  Particles 
of  Air,  which  may  be  conceived  in  this  Manner. 

Any  Particle  of  Water  in  the  outer  Part  of  the  Vein  is  follicited 
by  the  next  Particle  of  Water  inwards  to  accelerate  the  Motion  ; 
and  is  alfo  retarded  by  the  next  Particle  of  Air  :  And  when  that 
outer  Particle  has  acquired  the  due  Velocity,  thefe  two  contrary  Forces 
muft  needs  be  equal,  one  of  which  retards  the  Particle,  and  the  other 
accelerates  it.  But  that  cannot  be  done,  unlefs  the  Fabium  of  the  re¬ 
lative  Velocity,  and  of  the  Denfity  of  the  accelerating  Particle  of  Wa¬ 
ter  is  equal  to  the  Fabium  of  the  relative  Velocity,  and  of  the  Den¬ 
fity  of  the  retarding  Particle  of  Air.  But  the  Denfity  of  Air,  is  to 
the  Denfity  of  Water  as  i  to  900  nearly.  Therefore  the  relative 
Velocity  between  the  outer  Particle  of  Water,  and  the  next  of  Air, 
is  to  the  relative  Velocity  of  the  2  next  Particles  of  Water  as  900  to 
1  nearly. 

Moreover,  that  in  mold  Particle  of  Air  is  follicited  by  the  next 
contiguous  Particle  of  Water  to  accelerate  the  Motion,  and  retarded 
by  the  next  Particle  of  Air  outwards.  And  as  here  two  contrary 
Forces  are  equal  to  one  another,  the  Fabium  of  the  relative  Velocity 
and  Denfity  of  the  accelerating  Particle  of  Water,  will  be  equal  to 
the  Fabium  of  the  relative  Velocity  and  Denfity  of  the  retarding  Particle 
of  Air.  Wherefore  the  relative  Velocity,  which  is  between  thole  2  Par¬ 
ticles  of  Air,  will  be  to  the  relative  Velocity,  which  is  between  the  inmoft 
Particle  of  Air,  and  the  next  of  Water,  as  900  to  1  nearly  ;  and  it 
will  be  to  the  relative  Velocity,  which  is  between  the  2  next  Parti¬ 
cles  of  Water,  as  900  x  900  to  1  nearly  :  And  this  fo  great  relative 
Velocity  will  always  be  conflant  through  the  whole  Thicknefs  of  the 
Ring  of  Air,  which  is  ftirred  into  Motion  by  the  running  Water. 

Now  let  the  fame  be  fignified  by  the  Letters  r,  m ,  V,  A,  T, 

as  in  Prob .  II.  Alfo  let  u  be  the  Velocity  of  the  Water  in  the  Axis  of 
thecontradled  Vein  of  Water,  ^  the  Radius  of  the  fame  Vein,  R  the  Ra¬ 
dius  of  an  imaginary  Vein,  by  which '  the  Velocity  u,  by  decreaftng 
gradually,  in  like  Manner  as  it  decreafes  in  the  true  Vein,  is  reduced  to 
nothing. 

Alfo  let  the  Meafure  of  the  Water  running  out  through  the  Hole 
in  the  Time  T,  be  2  q  m  r  *  A. 

*  Now 
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Now  the  Meafure  of  the  Water  running  in  the  fame  Time  through 
the  contra£ted  Vein,  by  the  Method  laid  down  in  Prob.  II.  will  be 

found  x 

2  R  V 


3R 


But  thefe  Meafures  are  equal,  that  is,  z  q  m  rz  A  = 

3 

x  3  R  —  2  or  3  y  r2  R  V  =  u  £2  x  gR  —  2 
Moreover,  as  the  Meafure  of  the  Water  running  through  the  Hole 
in  the  Time  T,  is  2  q  m  r*  A,  the  Motion  of  the  fame,  by  Prob .  VI. 
is  3  qz  m  rz  A  V, 

And  the  Motion  of  the  Water  running  through  the  Vein  in 
the  fame  Time,  by  the  Method  ufed  in  Prob.  II.  is  found 

m  A  uz  x  6  R2  f  - —  8  R  f  3  (f 

3  V  Rl  ;  * 

Now  thefe  are  equal,  that  is,  3  cf  m  r1  A  V  =■ 
m  A  u*  x  6  R2^2  — 8  R 


3j? 


3  V  R 


,  or  9  Vs 


vz  x  6  R2  f  —  8  R,^3  3  £4. 

Thefe  2  Equations  being  rightly  reduced,  in  order  to  extirpate  R 
we  come  to  the  following  Equation,  ^  vz  =  2  q  v  V  r2  12  Va 

qYrz 


rz  gz 


9  y2  V2  wherefore  f 


X  v  6  q  V 


^  u  V  “f*  9  f  V2  - —  2  v2,  and  hence  is  obtained  ^  itfelf,  or  the 
Radius  of  the  con  traded  Vein,  feeing  q  and  u  are  given. 


q  v  r  - 

Moreover  from  the  fame  Equation  is  drawn  u  =  -  — —  x  r 


n 

d-t 


^  3  f  2r%t 
Laftly  q  == 


£ 


V 


Qh  E.  I. 
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We  fuppofed  above,  that  the  Motion  of  the  Water  running  through 
the  contracted  Vein  is  equal  to  the  Motion  of  that  which  runs  through 
the  Hole.  But  this  is  not  true  in  Mathematical  Strictnefs,  For 
the  Motion  of  the  Water  running  through  the  Hole  is  equal  to  the 
Motion  of  the  Water  running  through  the  contracted  Vein,  and  to- 
the  Motion  of  the  Ring  of  Air  grounding  the  Vein,  which  Air  is 
ftirred  into  Motion  by  the  WatCr  running  through  the  Vein,  taken 
together.  But  we  look  upon  die  Motion  of  the  Ring  of  Air  as  no- 

’  _  R  •—  p. 

thing,  fince  it’s  Thicknefs  is  not  greater  than  — —  and  it% 

r.  __ 

Denfity  is  not  greater  than  Part  of  the  Denfity  ©f  the  Water 

and 
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atid  by  doing  this  we  render  the  Equations  far  more  fimple  than  othtr- 

wife  they  would  be.  ■  ^  -  . 

By  Proh.  V.  Cor.  1.  when  the  Water  runs  out  into  a  Vacuum , 

the  fame  Ratio  continues  between  the  Radius  of  the  Hole,  and  the 
Radius  of  the  contradted  Vein,  whether  the  Motion  of  the  effluent 
Water  be  in  any  Manner  diminlfhed  by  Refiftance  or  not.  Where- 
fore,  as  in  a  Phyfical  Matter,  we  think  it  very  near  the  Truth,  that 
the  Ratio  between  thefe  Radii  fhould  be  confidered  as  given,  even 
when  the  Water  runs  through  Air,  howfoever  the  Motion  of  the  efflu¬ 
ent  Water  may  be  diminifhed  by  Refiftance,  or  at  leaft,  that  this 
Ratio  fhould  be  changed  as  little  as  pofflble.  And  as  this  is  found  to 
apree  with  the  Experiments  hitherto  made,  as  will  more  plainly  ap¬ 
pear  below,  we  fhall  look  upon  it  as  true,  till  we  fhall  be  informer* 
of  fomething  more  certain  by  more  accurate  Experiments.  ^  ^ 
Moreover,  if  a  Ratio  is  given  between  r  and  ^  a  Ratio  is  alio 
given  between  r  and  R,  or  a  Ratio  between  the  Radius  of  the  ITole, 
and  the  imaginary  Radius ,  by  which  the  Velocity  u,  by  gradually  de- 

creafing  is  reduced  to  nothing.  e 

For  by  eliminating  u  from  the  2  above  Equations,  9  (ft  rz  R  V2 


=  vz  x  6  R*  —  8  R  £  3  and  3  q  rz  R  V  =  f  u  x  3  R  • —  2^, 

we  come  to  the  Equation  f  x  9^- 2 —  1 2  R  f  x  6  R2  t-  9  R  £ 


-j-  3  wherefore  R  ==  3  x  2  TV  3  f  2  rz' 

Befides,  from  one  of  thefe  Equations,  3^^  R  «  X  3  R  -  2  ^  ; 

we  have  3  rz  R  :  f1  x  3  R  — *  2  £> : :  v  t  y  V,  and  fince  the  former 
tio  is  given,  the  latter  Ratio  is  alfo  given,  that  is,  the  Quantity 


V 


JY  1S  glven* 

We  fhall  afterwards  demonftrate,  how  great  thefe  3  given  Ratios 
are. 

2.  Before  we  proceed  any  farther,  we  muflconfider  that  Refiftance  of 
Fluids,  which  arifes  from  the  Motion  of  the  fame  Parts  among  them- 
felves,  and  is  called  by  Sir  I.  Newt  on ,  a  Refiftance  ariting  from  a 
want  of  Lubricity. 

He  makes  it  of  two  Sorts,  one  arifing  from  the  Tenacity  of  the 
Fluid,  the  other  from  the  mutual  Attrition  or  Fridtion  of  the  Parts 
of  the  Fluid  between  themfelves. 

He  thinks  the  Firfl  is  uniform  in  a  given  Surface,  or  that  it  pro¬ 
duces  an  Effedt  proportional  to  the  Time  ;  which  Opinion  is  favoured 
by  Experiments  :  He  is  of  Opinion  that  the  latter  is  increafed  in  Pro¬ 
portion  to  the  Velocity,  or  in  a  Proportion  fomething  lefs.  But  he 
does  not  determine  any  Thing  about  this,  for  want  of  fuitable  Expe¬ 
riments. 


But 
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But  thefe  two  Refiftances  have  a  different  Proportion  between  them- 
felves,  not  only  according  to  the  diverfity  of  the  Fluid,  as  for  Inftance, 
there  is  a  greater  Tenacity  and  lefs  Attrition  in  Oil  or  melted  Suet  than 
in  Water ;  but  alfo  in  the  fame  Fluid,  according  to  the  different  Velocity 
with  which  the  parts  of  the  Fluid  are  moved  among  themfelves.  But  in 
a  given  Fluid  there  muft  neceffarily  be  fome  certain  Velocity,  where 
thefe  Refiftances  are  equal  between  themfelves  •,  and  if  we  could  find 
that  Velocity  by  Experiment,  their  Proportion  might  be  determined  in 
any  other  Velocities.  But  we  have  no  Experiments,  that  I  know  of, 
nor  is  it  eafy  to  contrive  any,  by  means  of  which  that  Velocity  may  be 
known,  which  may  ferve  for  a  Foundation  to  the  reft. 

We  fufpedt  indeed,  nay  we  think  it  probable,  that  the  very  leaft  of 
that  fundamental  Velocity  is  not  in  Water  from  one  Caufe,  where  the 
Refiftances  arifing  from  Tenacity  and  Fridlion  are  equal  between  them¬ 
felves.  But  this  being  granted,  when,  as  the  Velocity  increafes,  the 
Refiftance  from  Fri&ion  in  like  manner  increafes,  but  the  Refiftance 
from  Tenacity  in  no  wife  increafes,  it  is  plain,  that  this  laft  Refiftance 
has  but  a  very  fmall  Proportion  to  the  firft,  where  the  Parts  of  the  Fluid 
are  moved  among  themfelves  with  any  notable  Velocity  5  and  there¬ 
fore,  that  it  may  fafely  be  negledted. 

However,  whether  we  neglect  this,  and  take  only  the  other  Refiftance, 
which  arifes  from  Fridtion,  or  comprehend  both  under  the  name  of  Re - 
fiftance  arifing  from  want  of  Lubricity,  certainly  the  Laws,  by  which 
this  Refiftance  increafes  or  is  diminifhed,  are  to  be  fought  only  from  Ex¬ 
perience.  Therefore  when  we  afcribe  to  it  the  following  laws  ofin- 
creafing,  tho*  after  a  diligent  Confideration  of  the  Experiments  hitherto 
made,  they  may  feem  to  have  a  great  Probability,  and  this  we  do  with 
an  Intent,  that  if  future  Experiments  fhould  teach  any  thing  more 
certain,  we  may  not  unwillingly  change  our  Minds. 

The  Refiftance ,  which  arifes  from  a  want  of  Lubricity  of  the  Water,  Hxpothefis, 
is  in  a  Ratio  compounded  of  the  3  following  : 

1.  Of  the  Ratio  of  the  Surface  of  the  Parts  which  are  moved.  This, 

I  think,  all  Philofophers  admit. 

2.  Of  the  Ratio  of  the  relative  Velocity,  by  which  the  Parts  of  Water 
are  moved  among  themfelves.  This,  it- 1  miftake  not,  is  admitted  by 
the  reft,  Nor  does  Sir  I.  Newton  much  differ, 

3.  Of  the  fubduplicate  Ratio  of  the  Altitude  of  the  Water,  for  we 
aftume  this,  being  led  by  Experience,  and  in  fome  Meafure  alio  by 
Sir  I.  Newton ,  who  thinks  that  the  Attrition  of  the  Parts  becomes 
ftronger,  and  their  Separation  from  each  other  more  difficult  by  greater 

PrefFure  *.  '/  •  ” 

To  explain  the  Refiftance  of  the.  Parts  of  the  Catarad,  which  arifes  from  Prob,  YJIL 

a  want  of  Lubricity . 
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Let  r  be  the  Radius  of  the  Hole,  A  the  Altitude  of  the  Calaraffi,  y  the 
Radius  of  any  horizontal  Se£tion,  x  the  Altitude  of  the  Cataratt  above 
that  Se&ion,  z  the  Radius  of  any  Circle  in  that  Se£t ion,  v  the  Velocity 
of  the  Water  in  the  Centre  of  the  Hole* 


vx*  .  _ 

Now  AT  wi^  VeIocity  °*  Water  in  the  Centre  of  the 

Section x  whofe  Radius  is  y.  For  the  Velocity  in  the  Centre  of  the 
Section,'  is  the  fame  as  if  that  Se&ion  was  a  Hole  in  the  Bottom  of  a 
fhortened  Veflel,  whofe  Altitude  is  x ;  and  therefore  is  as  x  h  by  Prob.  VIf 


Coroll.  Alfo 


y— 2 


vxk 


x  -r-r  will  be  the  Velocity  of  the  Water  in  the 

XX2 


Circumference  of  the  Cfircle,  whofe  Radius  is  z  ; 


z  v  x  % 

yxr 


the  relative 


Velocity  2  mzx  the  Surface  of  the  nafcent  Cylinder,  whofe  Radius  is  z 

and  Altitude  a?  ,  and  by  our  3  Pofitions  the  Refiftance  of  the  Surface  of 

•  • 

2  m  v  x  x  z  z 


.  ^  ,  •  z  V  X  2  , 

this  Cylinder,  as  2  m  z  x  x  — x  xs 

y  A  i 


y  Ai 


e 

Now  let  x,  x ,  and  y  be  confidered  as  conftant  Quantities,  whilft  3 
flows  till  it  becomes  equal  to  y  \  and  the  fluent  Quantity  of  the  Fluxion 


* imvxxzz 


y  At 


will  be 


2  m  v  x  x  z* 


2  y  Ai 


i.  9 


or 


m  v  x  x  z* 2 * 


- ,  or  (making  z—y) 


v  y 9  as  the  Refiftance  of  the  nafcent  Cylinder,  whofe  Radius  i sy7 

and  Altitude  x. 

But  by  the  property  of  the  cataraUic  Curve  y*  x  =  r4  A,  and  y  x  -i 

4 

1 

sr  A-:  Whence  the  Refiftance  of  this  nafcent  Cylinder  will  be  as 


mvxxr  A  — 
4 

A I  xl 

2  4 


mvrx  x  •— 


,  or  as 


A— 

4 


and  the  Refiftance  of  the  whole 


7 

mvrx  — 


Cataraft  will  be  as  the  fluent  Quantity  of  this  Fluxion,  or  as 


aL 

4 


x 


HYDRAULICUS . 


A  A  o 

X  — ,  or,  making  *  =  A  as  —  mv  r  A  — .  And  fince  by  Pr<?£.  IV 

7  7  ;  •••  2 

2 

12  q  mV  r  A  A, 

=  3  j  V,  the  Kefifiance  in  the  CataraU  will  be,  as  _ _ _2> 


or  as  #  V  r  A  A  Qi  E.  I. 

<  *  'V  > 

Since  V  is  as  V  A,  the  Refiftance  in  the  Cataraft  will  be  as  q  r  A*.  ^oroii 
In  the  Solution  juft  now  made,  inftead  of  the  Surface  of  the  cataraElic  sm  * 
Taleola,  whofe  Radius  is  z,  according  to  which  the  Particles  of  Water 
pafs  by  each  other  with  an  equable  relative  Velocity,  we  made  ufe  of 

the  Surface  of  the  nafcent  Cylinder,  whofe  Radius  is  z ,  and  Altitude  x9 

or  of  the  Surface  2  m  z  x9  when  really  the  Surface  of  that  Taleola  is 

2  m  z  x  V  xz  -j-  zz . 

But  if  that  is  corre&ed,  the  Refiftance  of  the  Surface  of  this 


Taleola  will  be  found  as  2  m  z  x  #  —  x 

*  o 


Z  V  x  — 
2 


y  A  — 

2 


2  m  v  x  z  z  V  xz  Zt 

y  A  i 
y  2 


And  fince  byProb,  II.  Schol.  2,  the  Subtangent  of  the  cataraffiic  Curve 
is  4  x9  and  the  Tangent  itfelf  \/  i6x*-]-z29  therefore  4 x:V  1 6x*~\~z% 


•  ~  x  s/  16  xz zz 

x  :  V  xz  ~p  zz  =  - - - * 

‘  4  x 


r\ 


Therefore  the  Refiftance  of  the  Surface  of  the  Taleola  will  be  as 

» 

m  v  x 


zm  vxzz  x  x_  =  _ _ 

jAz  4  ^  2yA* 


•  • 

m  v  x  z  z 


7  z  z  V  1 6  # x* 

2”  5  sc 


4  -  ^8 


^  .  ,  s*  2 

.  —  m  4  «  -j- - — =r  -f- - == 

2J  Al  1  2x4*  8 ,4.x*  16  X 


“  « 

+ 


7  2 


2 

I  O 


256  x  4 


o  m  V  X  .  *  ,22 

occ.  — - — r  in  4  x  z  z~\~ - - 


128  x^x7 

*  5 

%  2 


X  z 


1 6  x  4  x‘ 


zy  A 

•  • 

5  zz9  y  zz 

Tt  + 


1 1 


128  x  4  *7  *  256  x  4 

•  *  -» 

R»2 


2  x  4  *  8  x  4 

A 

13 

&c. 


21  2  2 


1024  X  4X 


1 1 


Bm 


3  07 
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But  by  taking  the  Quantities  x,  x,  and  y  for  conflant  ones,  the 

4  x  zz 

— r— ~r 


771  *1)  X 

Fluent  of  this  Fluxion  will  be  * - t —  in 


z4 


2y  Al- 


Z' 


z 


,IO 


48  X  4  x 
&c. 


3  t 


8  x  16x4^ 


256  X  4#' 

■) 


+ 


72 


8  x  4  x 

l  Z 


12  X  256  x  4#9 


And  by  fuppofing  z  =  jy,  this  Fluent  will  be 


m  v  x 
2  Ai 


in  2  x  v 


y 


8  x  4  x 


7  J 


1 1 


48  x  4 


m  j  M 


y 


r 


8  x  16  x  4  x 


,5 


256  x  4  x7 


—  &c.  which  will  be  as  the  Refiftance  in  the  ca« 


12  x  256  x  4  x9 
tara&i z 'Taleola,  whofe  Radius  hy,  and  Altitude  x. 


But  this  is  as  the  Fluxion  of  the  Refiftance  in  the  whole  Cataradf,  and 


by  putting^ 


r  A  - 
 4 


1  A  1 

2  r  x  A  — 

m  v  x  a  a 

,  tt  becomes  -  tri  — - - -  * 


r3  A 


in 


2  A 


rs  A 


r  A  — 


*  —  8X4X*— 

4  -4 

A  9 


r9A 


48  x  43  x  x  —  8  x  1 6  x  45  x  a;  —  256x47  x#  — 

4  44 


‘-j-  &c. 


m  v  r 


2  A 


I  —  y  .  %_  j  y 

r*  A  —  x  x  ~  r*  A  x  x  — 

—  in  2  x  x - H  - - - - - - - - 1.  4- 

I  4  4  *  i  O  v  .3  « 


r('A~xx  — 

2  4 


32 


48  x  43  -8  x  16  x 


^  «y  ^ 

—  &c.  But  the  fluent  Quantity  of  this  Fluxion  is - 7-  in  2  x  7-  'x  4 


2  A 


+ 


r*  A  —  5 


4  v  i 


r*  Ax  — 


32 


4  x 


4 

3 

2 


r6  A  ~  #  ~ 


48  x  4 3  13 


8  x  16x4 


&c.  And  this,  fuppofing  x  =  A,  becomes 


mvr 


23 

8A- 


in 


3  x  8  A  — 
*  2 


r  + 


12  x  13  x  43  AI 


32  x  23  X4*  A-? 


or 
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ZOQ 


4  m  v  r  A 


or 


in  x 


7  r 


~L 


7  r' 


7  3  x  A*  ‘  6xi3X45A+ 

&c.  which  is  as  the  Refiftance  thro’  the  whole  Cataraff. 


7  A _ 

23  X49  A6 


But  if  the  Altitude  be  accounted  as  infinite  with  refped  to  the  Diame- 

4  m  v  r  A  A 

ter  of  the  Hole,  the  Refinance  will  be  as  2  as  was  determined 


in 


the  former  Solution, 


If  A  =  ior,  the  Refiftance  will  be  as 
nearly. 

*■  **  ■■  /  1 

If  A  =  4  r,  the  Ref  fiance  will  be  as 
nearly. 


4  m  v  r  A 


7 


4  m  v  r  A 


7 


-  x  I 


2743 


X 


439 


We  may  therefore  ufe 


4.  m  v  r  A 

7 


for  the  Meafure  of  the  Refi¬ 


ftance,  without  Danger  of  any  fenfible  Error,  even  when  the  Altitude  of 
the  Water  does  not  exceed  two  Diameters  of  the  Hole,  and  much  more 
in  a  far  greater  Altitude. 

The  Meafure  being  given  of  the  JVater  running  out  thro 5  a  given  circular  prD^ 
Hole  in  the  Middle  Part  of  the  Bottom  of  a  Cylindrical  Veffel  of  a  given 
Depth ,  to  determine  the  Meafure  of  the  Water  running  out  of  another  Reft  el 
of  any  given  Depth ,  thro'  any  given  circular  Hole  'whatfoever. 

Let  r  be  the  Radius  of  the  given  Hole,  A  the  given  Depth,  2  q  m  rz  A 
the  given  Meafure  of  the  Water  running  out  in  that  Time,  in  which  a 
heavy  Body  would  fall  in  Vacuo  thro’  the  Altitude  A. 

Hence  by  Proh.  IV.  TrP  m  A  V  will  be  the  Motion  of  the  Water 
running  out  in  the  fame  Time :  and  by  Prob.  IV.  Cor.  the  Motion  loft  in 

the  fame  Time  by  the  Refiftance  will  be  m  rz  A  V  x  1  — •  3  qx  .  There¬ 
fore  the  equal  Force  of  Refiftance  can  generate  this  Motion  in  the  fame 
.  Time.  '  ”  . 

But  the  Motions  are  generated  in  the  fame  Space  of  Time  with  Forces 
generating  the  fame  proportional. 

Therefore  the  Motion  m  r2-  A  V,  which  the  Weight  of  the  Column  of 
Water  mrz  A  can  generate  in  this  Time,  by  Prob.  1.  when  all  Refiftance 

is  away,  is  to  the  Motion  m  rz  A  V  x  1  —  3  (ft  ,  which  the  Refiftance 


*  ‘T 

yt  A 


can 
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can  generate  in  the  fame  Time,  as  the  Weight  m  r2  A  to  the  Refiftance 
itfelf.  Wherefore  the  Refiftance  =  m  rz  A  x  ~  ^ 


mrz  A  V 


rz  A  x  i  —  3  qz  . 

After  the  fame  manner,  by  putting  j  and  E  for  the  Radius  of  the 
Hoie,  and  the  Altitude  of  the  new  Veflel,  and  2  p  m  sz  E  for  the  Meafure 
of  the  Water  running  out  in  the  fame  Time,  in  which  a  heavy  Body 
would  fall  in  Vacuo  thro’  the  Altitude  E,  you  will  have  the  Refiftance  in 
the  new  Veflel  —  m  sz  E  x  i  —  3  pz  . 

But  by  Proh.  VIII.  Cor.  thefe  2  Refinances  are  to  each  other  as  a  r  A2 
to  p  s  E* . 

Therefore  m  r*  A  x  1  —  3  qz  :  m  sz  E  x  1  —  %pz  :  :  q  r  A2  :  p  s  E% 
or  r  x  r  —  3  9* :  s  x  1  —  3  p2  ::  q  A  :  p  E,  or  p  r  E  x  1  —  3  ft 
•~qs  Ax  1  —  3/>2  ,  which  Equation  being  rightly  reduced  we  come  to 


the  following,  p  =  *J  ~  -J-  1  ^  3 


or 


making  r  E  =  »  5  A. 


rEx 


3  f 


6^A 


.  1  j.»Xi  —  2  qz 

P~  V  7T  - 7"-1  1  * 

3  6  q 


n  x  i 


3  r . 


Whence  we  have  which  is  the  Meafure  of  the  Water 

running  out  of  the  fecond  Veflel,  in  the  Time  that  a  heavy  Body  falls 
thro’  the  Altitude  E.  E.  I. 

If  the  Diameters  of  the  Holes  ftiall  be  in  a  Ratio  of  the  Altitudes  of  the 
Water,  the  Ratio  of  the  Meafures  will  be  the  fame,  as  if  the  Water  ran 
out  without  any  Refiftance . 


For  if  r 


s  :  :  A  :  E,  r  E  =  s  A,  and  n 
 1  —  3  q% 


wherefore 


and  by  Redu&ion  p  =  q  * 


3  6 1  I  6  y 

wherefore  2  q  rn  r-  A  :  2  p  m  sz  E  :  :  2  ^  r2  A  :  2  7#  E,  which,  is  the 
Ratio  of  the  Meafures ,  when  all  Refiftance  is  away. 

Ii  E  is  accounted  for  nothing  with  Regard  to  the  Altitude  A,  then  » 

alfo  mu  ft  be  accounted  for  nothing,  whence  p  =  Therefore,  the 

v$ 


imalkr  the  Altitude  E  is  taken*  the  nearer  p  comes  to  4“» 

v'S 


If 


H  r  D  R  AU  L  I  G  K  S\ 

If  s  ls  accounted  infinitely  great  with  refped  to  the  Radius  r,  Ccroll.  3 . 


then  p  = 


Therefore  the  greater  the  Radius  s  is  taken,  the  more 


1 

p  verges  to 

The  W 0. iter  running  out  into  the  Air ,  to  determine  the  Proportion  between  Prob,  X , 
the  Diameter  of  the  Hole  and  th  e  Diameter  of  the  contracted  Vein. 

This  Proportion  cannot  be  determined  without  the  help  of  Experi¬ 
ments.  ByPr<?£.VII.  V  xu-j-d^V — 2^ ^qvV-\-QqzV 2  —  2\d' 

•  _  ,  vz 


whence  q  and  u  being  known  ^  is  determined. 

But  we  have  no  Experiments,  that  I  know  of,  by  which  we  may 
meafure  q  and  v. 

Poleni’s  Experiments  exhibit  the  Meafure  of  the  effluent  Water  whence 
q  is  known  •,  but  they  do  not  fhew  the  greateft  Diftance,  to  which  the 
Water  is  carried  that  comes  horizontally  out  of  the  Hole,  or  the 
Diftance  to  which  the  middle  Part  of  the  Vein  reaches,  that  comes  out 
with  the  Velocity  u. 

But  Mariotte’ s  Experiments  meafure  the  greateft  perpendicular  Height, 
to  which  Water  rifes,  when  it’s  Motion  is  turned  upwards,  or  the 
Height,  which  the  Water  coming  out  from  the  middle  of  the  Vein 
reaches,  whence  vz  is  known  •,  but  they  do  not  exhibit  the  Meafure  of  the 
effluent  Water. 

Therefore  for  want  of  fit  Experiments,  we  fhall  hardly  be  able  to 
determine  the  Proportion  fought  any  otherwife  than  probably ;  and  this 
we  fhall  do  in  the  following  manner. 

In  Prob.  VII.  Schol.  2.  we  fhewed  it  to  be  probable,  that  the  Ratio 
is  conftant  between  thefe  Radii ,  or  at  lead  that  it  is  very  little  changed. 

It  is  manifeft  from  Mariotte ’$  Experiments,  that  the  difference  between 
the  Altitude,  which  the  Water  fpringing  upwards  reaches,  and  the  Altitude 
of  the  Veffel,  has  nearly  a  duplicate  Ratio  of  the  Altitude  of  the  Veffeh 

Therefore  let  a  be  the  Height,  to  which  the  Water  running  thro*  the 
Axis  of  the  Vein  with  the  Velocity  v  can  rife  ;  then,  by  Mariotte’ s  Ex¬ 


periments,  A  —  a  as  A1 


and 


A- 

A  —  a 


will  be  the  given  Quantity. 


But  in  one  Experiment,  which  Mariotte  reckons  a  fundamental  one, 
A  was  =  60  Paris  Inches,  and  he  found  a  =  59  Paris  Inches,  the 
Diameter  of  the  Hole  meafuring  £  an  Inch.  Therefore  in  this  cafe 

— - =  3600,  and  as  this  Quantity  is  given,  it  will  always  be  3600 

A  — —  a 


a  —  3600  A 


.  3600  A  —  A1 

A%  or  a  —  2 - 7T - = 

3600 


A 


A1 

3600' 

Therefore 


\ 


CO 


3  *a 


♦  do  poli»  X  < 


€§rtU.  2» 


HTDRAU  LICKS. 

Therefore  if  A  =  i  Inch,  or  is  double  the  Diameter  of  the  Hole, 

V- 

a  =  i - 1 — .  But  u*  :  V2  :  :  a  :  A  : :  i  —  —t-  :  i. 

3  6oo  3  boo 

Therefore  as  the  Altitude  of  the  Veffel  is  double  the  Diameter  of  the 

Hole,  we  may  have  v2  =  V2  ,  or  u  —  V. 

Moreover,  by  Prob.  IX,  Cor,  4.  E  decreafin.g,  p  tends  to 
Therefore  when  the  Altitude  of  the  Veffel  is  very  fmall,  as  if  it  does  not 
exceed  2  Diameters  of  the  Hole,  we  may  have  p  or  q  ‘=  , 

But  by  Prob.  VII. 

y  - - - -  —  — 


X  y  -j—  6  q  V  - — *  2  y/  3  y  v  V  -Jr  >  2  u1  ,  and 

fubftitutrng  inftead  of  u  and  q  the  Values  of  the  fame  juft  now  found,  or 
Vand-i-,  it  becomes x  V-J-2V v' 3  —  2\/Yz  y/s~\r3^' — 2W 


v3 


rz 


—  —  x  i  j-2^3  —  2v/i  -f-V  3,  or  f-  =  r2  x  2  -j-  —  —  2 
v3  .  '  y 

vrTi:pV_3  =  r2  x  0,6687553907  whence  ^rxo,  81777466. 

Here  therefore  is  the  Value  of  when  the  Altitude  of  the  Water  is 
double  the  Diameter  of  the  Hole  ;  and  as  by  Proh.  VII.  Scbol.  2.  f  ob¬ 
tains  a  conftant  Proportion  to  the  Radius  of  the  Hole,  it  will  obtain  the 
fame  Value  in  any  Altitude  of  Water.  E.  I. 

By  Prob.  VII.  R  =  -L  x  *  X  r z  ,  and  by  the  Value  of  ^  juft 

now  found,  we  have  R  =  r  x  3,98877150,  which  is  the  Value  of  R,, 
when  the  Altitude  of  the  Water  is  double  the  Diameter  of  the  Hole  ; 
and  as  by  Scbol  2.  of  the  fame  Prob.  there  is  a  conftant  Proportion 
between  r  and  R,  therefore  R  v/ill  obtain  this  very  Value,  whatfoever 
may  be  the  Altitude  of  the  Water. 

T 

Becaufe  u  isalmoft  =  V,  and  q  is  almoft  —  -7-,  when  the  Altitude  of 

1  v3, 

the  Water  is  doyble  the  Diameter  of  the  Hole,  therefore  it  will  be  to  this, 

u 

Altitude  of  the  Water  =  si  3  very  nearly.  And  as  by  Prob.  VIL 


Scbol.  2.  the  Proportion  is  conftant  between  u  and  q  V,  therefore 
=  \f  3,  whatfoever  the  Altitude  of  the  Water  may  be. 


V 


2V, 

The 
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Phe  Water  running  out  of  a  given  Veffel  always  full ,  thro*  a  given  Hole,  Prob,  XL 
into  the  Air,  and  any  one  of  the  3  following  Quantities  being  given ,  namely , 
/^Meafure  of  the  effluent  Water ,  the  Velocity  *'0  Axis  of  the  contracted 
Vein ,  /£0  Altitude,  to  which  the  middle  Part  of  the  Vein  can  rife 3  the 

Motion  being  turned  upwards ,  /0  determine  the  reft . 

Let  Abe  the  Altitude  of  the  Vefiel,  r  the  Radius  of  the  Hole, 

2  A,  the  meafure  of  the  effluent  Water,  y  the  Velocity  in  the  vfxA 
of  the  contradled  Vein,  ^  the  Altitude,  to  which  the  Water  running 
out  thro*  the  Axis  of  the  Vein  can  rile,  and  firft  ht  2  q  m  r 2  be  given, 
whence  q  is  given.  1 


By  Prob.  X.  Cor .  2. 
u2  =  3  (ft  V  * 

But  V2  nu2  : :  A  :  ^  = 


u 


2  v 


V  '3  5  whence  y  =  q  V  v  3.  Hence 


A  _  3  y2  V2  A 


V2 


V* 


=  3  2‘  A- 


If,  fecondly,  u  is  given,  then  y 


and  2  q  m  r%  A  =  2  w  ^ 

v  V  3  2 


u2  A 


V/3 


Moreover  rz  = 


Laftly,  if  a  is  given,  fince  a  =  3  q%  A,  therefore  ya 


— t*  and" 
3  A  ' 


v/ 


a 


3  A' 


Alfo  P  ==.  ^ — ,  whence  u  =  V  y/  — .  E.  I. 

A 


phe  Altitude  being  given,  to  which ,  W&00  Motion  is  turned  upwards ,  Pr°h  XII* 
Water  rifes  iff uing  thro9  the  Air  from  a  Veffel  of  a  given  Altitude  thro*  a 
given  circular  Hole ,  to  determine  the  Altitude ,  /0  which ,  /£0  Motion 

is  turned  upwards ,  Water  will  rife,  when  it  iffues  from  a  Veffel  of  any  given 
Altitude ,  thro9  any  given  circular  Hole. 

Let  the  letters  r,  5,  A,  E}  y,  p,  exprefs  the  fame  as  in  Prob.  IX  ;  and 
let  a  and  e  be  the  Altitudes  to  which  Water  can  rife,  iffuing  out  of 
Vefflels,  the  Altitudes  of  which  are  A  and  E  refpe&ively. 


Now  by  Prob.  XI.  a  =  3  y2  A,  e 
A  —  a 


3  p 2  E,  Whence  3  y2 


A' 


nZ 


1  —  32 


A 


-»  2=V 


VOL,  VIII.  Part i. 


£  .e 

— -  p  pz  v  and 

3  A  3  E 

S  s 


C 

IE* 


And 


J»4 


Cor  oli.  i 


Corsi!»  £* 


Cor  oli.  3« 


C^rolis  4= 


htdrau licks . 


1  r  F  X  I  —  2  <72 

And  finceby  Prob.  IX.  p  =  si  y  -j-  ^ 


,L  !  }t  X  1 

or  making  r  E  ==  »  j  A,  p  —  v  2  T 


3  q 


6  J 


rExi — 3  q~ 
~6qs  'aT*- 

*~3<r 
6?'  > 


»  x 


he n ce  by  fu bft ! tu tin  g 


A 


A 


—  tor  i 


writing  &  tor  A  —  it  will  be  p 


n,  n *  j  and  V7 

3  1  3  A 

~A  a  nz  ccz  —  n  os 


v  4 


2  v7  3  A  £ 


.  2  A^[-^  at1 

and  pz  —  — - - - — — - 


n  os 


v/  4  A  d  *i-  »*  ** 


Buty>2  =  whence  "g 
3  ^ 


6  A  os  _ 

e  2  A  a  -j-  nz  ccz  —  n  *  v7  4  A  a  y  nx  &P 


•e-'  2  A  a  -{-  nz  —  n  a  \f  4  A  a  -f*  n 

or  e  =  r ,  x  __ — - 


2  A  os 

,  whence  by  writ- 


2  a2 


x  •!  4  A  a  -j~  n 


2  a2 


■  n  sc»  Now 


2  A  a 
nUL  a, 

ing  s  for  E  —  e  it  becomes  s  —  "  y~ 

s  or  E  -  <  being  given,  e  alfo  is  given,  or  the  Altitude  to  which  the 
Water  is  carried,  when  it  iffues  out  of  the  new  V effel. 

i 

If  the  Holes  in  both  Veffels  fhali  be  equal,  orr=r,  then  E  =  8  A, 

17  - - 

or  n  ~  — ,  whence  £  — - x  v7  4  A  a  -~j-  nz  or  n 

A  %  •» 

If  the  Altitudes  of  the  Veffels  fhali  be  equal,  or  E  =  A,  then  r  =  n  s3 


n  ot 


or  n 


y,  whence  &  =  -yy  x  v7  4  A  ^  y  » 


2  *>2 


n  a. 


If  the  Diameters  of  the  Holes  fhali  be  in  a  Ratio  of  the  Altitudes, 
the  Waters  will  fpout  to  Altitudes  proportional  to  the  Altitudes  of  the 

E  a 

Veffels.  For  if  r  :  s  : :  A :  E,  r  e  =  s  A,  and  n  —  i,  whence  e  =  — 


or  s 


:  «  : :  E  :  A,  or  E  —  e  :  A  —  «  : :  E  :  A,  or  e  :  a  : :  E  :  A. 


n  E 


Since  p  x  2  f  3  A  ^  =  f  4  A  fi  V  71  ^  therefore  i  —  2~Aa 

p  nTL  os'J  3 


x  2  p  v7  3  A  a  — 


v7  Aa 


\  whence  by  fubltituting  for  v7  a  it^s 


above 


HYDRAULICE  S. 
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above-mentioned  Value  q  3  A,  and  by  a  due  Reduction,  e  becomes 

p  »  E  cc  p  r  E3  « 

£=  - r — ,  or  £  =  - T—  . 

2  A  q  s  Az 

V  E2  a, 


Hence,  by  making  p  =  j,  £  — 


j  A2 


or  e 


r  E-  :  s  A 2 .  CW/; 


& 


That  is,  the  Defedts  of  fpouting  Waters,  or  the  Differences  between  the 
Altitudes  of  the  Spouts,  and  the  Altitudes  of  the  Veffels  are  in  a  Ratio 
compounded  of  the  duplicate  Ratio  of  the  Altitudes  of  the  Veffels  diredtly, 
and  of  the  Ratio  of  the  Diameters  of  the  Holes  reciprocally.  And  this 
Rule  is  exadlly  true,  when  s  A  =  r  E  by  Prob .  IX.  Cor.  x.  and  comes 
very  near  the  Truth,  when  E  and  s  are  increafed  or  diminifhed  in  the 
fame  Proportion  nearly  ;  and  it  errs  but  little  from  the  true  Altitude  of 
the  falient  Water  in  any  cafe,  provided  E  be  not  greater  than  50  Feet, 
and  at  the  fame  Time  j  be  not  lefs  than  3  Lines. 

When  s  ==  r,  £  =  — - —  nearly,  that  is,  when  the  Holes  are  equal,  Coroil. 

the  Defedls  of  the  Altitudes  of  fpouting  Waters  are  almoft  in  a  dupli¬ 
cate  Ratio  of  the  Altitudes  of  the  Veffels,  which  is  the  very  Rule  of 
Mariotte . 

r  (x,  -  ' 

When  E  =  A,  e  =  —  nearly,  that  is,  when  the  Altitudes  of  the  Coroll .  7. 

s 

Veffels  are  equal  the  Defedls  of  the  fpouting  Waters  are  almoft  as  the 
Diameters  of  the  Holes  reciprocally. 

If  anv  one  has  a  mind  to  examine  the  Truth  of  this  Theory  by  Ex-  General 

.  J  r  1  j  j  r  1  •  scholium, 

periments,  I  would  deure  him, 

1.  To  ufe  a  Veffel  that  is  very  large,  at  leaft  in  the  upper  Part,  that, 
during  the  whole  Time  of  making  the  Experiment,  the  Altitude  of  the 
Water  may  not  fenfibly  be  changed.  But  if  the  Veffel  is  not  fo  large, 
but  that  during  the  Efflux  from  the  Hole,  a  remarkable  Decreafe  of  the 
Water  is  found,  then  the  juft  intermediate  Altitude  between  the  greateft 
and  the  leaft  Altitude  of  the  Water  is  to  be  taken  for  the  conftant 
Altitude;  which  is  better  than  difturbing  the  natural  Motion  of  the 
Water,  by  pouring  frelh  Water  upon  it. 

2.  Let  the  Veffel  be  of  fuch  a  Depth,  that  if  you  would  let  out  the  Wa¬ 
ter  thro*  a  Hole  made  in  the  Side,  the  Velocity  of  the  Water  going  out 
thro’  the  Centre  of  the  Hole  may  be  fafely  taken  for  any  Velocity,  with 
which  the  Water  will  iffue  thro’  all  the  Hole,  when  there  is  no  Re¬ 


finance.  _ 

3.  Let  the  Lamina ,  in  which  the  Hole  is  made,  be  fo  thin,  or  at 

leaft  have  fo  thin  an  Edge  in  the  Circumference  of  the  Hole,  that  the 
Thicknefs  of  that  Edge  may  be  accounted  as  nothing  with  refpedt  to  the 
Diameter  of  the  Hole.  But  the  Thicknefs  of  the  Lamina  Ihould  be  fhaved 
on  the  outer  Face  of  the  Lamina ,  leaving  the  inner  Face  next  the  Water 

S  s  2  plain  ; 


3i6 


-Exp;  i  . 

Exp.  2. 

Exp.  3. 

Exp*  4, 
Exp.  5. 

Exp.  6, 

Exp.  7. 
Exp.  8. 
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plain  ;  and  the  Angle  of  this  Edge  fhould  be  fo  acute,  that  the  Water 
jfluing  thro*  the  Hole  may  not  adhere  to  the  outer  Side .  of  the  Lamina. 

Thefe  things  being  prepared,  the  following  Experiments  may  b& 
made,  by  which,  as  by  fo  many  Criteria ,  we  may  judge  of  the  Certainty 

of  the  above  Dodrine.  -  .  _  •  _  . ...  . 

When  the  Water  is  let  out  thro5  a  Hole  in  the  fcide  or  the  V did,  let 

the  Diameter  of  the  contracted  Vein  be  meafured  very  diligently,  ob¬ 
serving  whether  it  remains  always  the  fame;  howfoever  the  Altitude  of 
the  Water  may  be  changed. 

f  Let  it  be  obferved,  whether  this  Diameter  has  always  the  lame  Pro¬ 
portion  to  the  Diameter  of  the  Hole,  when  Holes  of  cnffeient  Magni¬ 
tudes  areufed.  .  XT  ~ , 

The  Water  iffuing,  either  ftrait  down  thro5  the  Bottom  of  the  Vetlel, 

or  horizontally  thro5  it’s  Side,  let  it  be  very  carefully  obfei  ved  how  much 
runs  out  in  a  given  Time,  ufihg  different  Altitudes  of  Water,  but  one 

and  the  fame  Hole.  _  , 

Let  the  fame  be  obferved,  when  Holes  of  a  different  Magnitude  are 

ufed,  but  keep  the  fame  Depth  of  Water.  _  .  ^ 

Obferve  how  much  runs  out  in  a  given  Time,  in  2  different  Cafes,  m 
each  of  which  there  is  the  fame  Proportion  of  the  Diameter  of  the  Hole 
to  the  Altitude  of  the  Water.  For  if  the  Meafures  fhall  be  found  in  a 
Ratio  compounded  of  a  duplicate  Ratio  of  the  Diameters,  and  a  Ample 
Ratio  of  the  Altitudes,  as  in  Prob .  IX.  Cor.  3.  you  will  have  a  great 
Confirmation  of  our  Theory. 

In  the  fame  2  Cafes,  the  Motion  of  the  Water  being  turned  upwards, 
by  means  of  a  large  Tube  fitted  to  the  Side  of  the  Veffel,  and  perforated 
at  the  upper  Part,  obferve  to  what  Altitudes  the  Water  will  rife.  ^For 
if  thefe  Altitudes  are  found  proportional  to  the  Altitudes  of  the  Water 
in  the  Veffel,  as  in  Prob.  XII.  Cor.  3.  you  will  have„  another  mod; 

certain  Confirmation  of  this  Theory. 

The  fame  Hole  continuing,  but  the  Height,  of  the  Water  being 
changed,  obferve  to  what  Height  the  Water  is  carried. 

Let  the  fame  be  obferved,  when  the  Magnitude  of  the  Hole  is 
changed,  the  Height  of  the  Water  continuing  the  fame. 

But  of  all  thefe "Experiments  thole  are  to  be  preferred,  by  which  the 
Height,  to  which  the  Water  rifes,  is  noted,  when  the  Motion  of  the 
Water  is  turned  upwards,  for  this  Height  may  far  more  eafily.be  taken, 
than  the  Meafure  of  the  running  Water,  and  the  Error,  if  there  is  any;, 
in  taking  the  Altitude,  is  of  far  Ids  Moment,  than  that  which  is  com¬ 
mitted  in  eftimating  the  Meafure.  For  as  by  Prob.  XL  the  Altitude  of 
falient  Water  is  3,  q'  A,  it  is  plain  that  the  lead  Error  admitted-  in  the 
Meafure ,  or  in  qy  will  be  almoft  doubled  in  q* ,  and  fo  it  will  be  doubled. 

in  the  Altitude  of  the  falient  Water.  , 

But  the  lead  Error  admitted  in  the  Altitude  of  the  falient  Water, 
or  in  3  q1  A,  is  reduced  to  almoft  half  in  eftimating  that  is  in  die 

Meafure  of  the  effluent  Water,.  } 

J!  la 
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In  the  mean  Time,  till  thofe  Experiments  are  made  by  fuch  Perfons  Second  General 
as  have  Leifure,  as  well  as  a  Defire  of  knowing  the  Truth,  we  mud  ufe, 
as  far  as  we  can,  thofe  Experiments,  with  which  we  have  been  furnifhed 
by  the  Diligence  of  our  Predeceffors. 

Thefe  are  of  3  kinds :  For  they  meafure  either. 

The  Diameter  of  the  contracted  Vein  ;  or 


1. 


2.  The  Meafure  of  the  effluent  Water  ;  or 

3.  The  Altitude  to  which  the  Water  rifes. 

1,  The  Radius  of  the  contraded  Vein,  as  meafured  by  Sir/.  Newt  on  t 
r  xo,84,  when  the  Diameter  of  the  Hole  is  I  of  a  London  Inch. 

The  fame,  as  meafured  by  Toleni ,  is  r  xo,;8  nearly,  when  the  Dia¬ 
meter  of  the  Hole  is  2  g  Paris  Inches. 

By  our  Calculation  it  is  r  x  0,818  nearly,  whatfoever  is  the  Diameter 
of  the  Hole,  which  is  about  the  intermediate  Magnitude  between  the 
Meafures  of  Newton  and  Toleni. 

2.  It  happens  very  unluckily,  that  none  of  the  Meafures  of  effluent 
Water,  except  thofe  taken  by  Toleni  are  of  any  Ufe  to  our  Purpofe.  bor 
as  he  informs  us,,  this  Meafure,  when  the  Water  iflues  thro"  a  Tube, 
is  far  greater  than  when*  it,  iffues  from  a  naked  Hole.  And  as  Holes 
made  in  Laminae  are  to  be  looked  upon  as  fhoit  Tubes,  at  lead  if  tn*» 
Thicknefs  of  the  Laminae  is  not  as  fmall  as  poffible  with  refpeCl  to  the 
Diameter  of  the  Hole,  and  thence  it  comes  to  pafs,  that  all  the  Meafures 
of  effluent  Water  taken  before  him  are  found  to  be  greater  than  tne 

Truth.  '  ^  7  •  a  -T 

Therefore  we  mud  ufe  only  the  Vleafures  taken  by  Tolem.  And 

thefe*,  which  were  taken  with  that  great  Hole  of  26  Lines,  are  10  in 

Number,  namely  by  fuppoling  a  heavy  Body  to  fall  in  T  c icuo  thro 

15  Feet,  1  Inch,  10  Lines  Paris  'Meafure,  in  1",  the  Meafure  is 


1 

2 

3 

4 

5 

6 

7 

8 

9 

IQ, 


2  m  r-  A  x 


o,5772 
°>5772 
°>573 1 
0,5710 
0,5690 

0,5675 

0,5689 

0,5703 

0,5732 

0,5613 

5,70,8.7 


Of  all  which  the  interme¬ 
diate  is  2  fji  rz  A  x  0,57 1  nearly.. 
Therefore  we  have  this  for  To¬ 
leni’  s  Meafure  of  effluent  Water, 
when  the  Altitude  of  the  Veflel 
is  33  Paris  Inches,  which  is  the 
intermediate  Altitude  between 
thofe  which  were  ufed  by  To - 
lend. 


But  the  Meafure ,  which  is  taken  to  this  Altitude  by  our  Calculation*, 
from  Mariotte’ s  fundamental.  Experiment,  which  we  ihall  produca 

•  Penius  <lt  Cagdlh,  Ait,  35.  38,  39,  42,  43  *  & W-  ai  M“r>mniu”Ue.nity 


HTDRAULICKS. 

•  *£-•"«  * 

pfefently,  is  2  m  ‘r1  A  x  0,5768,  which  exceeds  Polenih  Meafure 
about  Part,  But  fo  fmall  a  Difference  might  arife  either  from  an 
Error  of  —  Part  of  an  Inch  in  eftimating  the  Diameter  of  the  Hole  ; 
or  from  the  Veflel  that  receives  the  effluent  Water  being  about  Part 
greater  than  in  Poleni' s  Computation ;  or  partly  from  both.  Add,  that 
this  Difference  is  twice  as  little  as  what  is  found  between  Poleni's  own 
Experiments. 

3.  We  /hewed  before,  that  Poleni  has  rendered  all  the  Experiments  of 
his  Predece/fors  ufelefs  concerning  the  Meafure  of  effluent  Water,  becaufe 
they  took  no  Account  of  the  Thicknefs  of  the  Lamina ,  thro*  which  the 
Water  iffued.  Whence  fome  may  not  unreafonably  fufpedt,  that  there 
is  the  fame  Fault  in  thofe  Experiments,  by  which  the  Height  of  the 
fa  1  ierit  Water  was  difcovered.  But  Poleni  has  removed  this  Doubt  by 
another  excellent  Obfervation.  For  he  difcovered  the  Meafure  of  the 
Water  to  be  greater  in  flowing  from  a  Tube  than  from  a  naked  Hole ; 
but,  what  is  wonderful,  that  Water  ifluing  thro*  Tubes  *  of  7  or  13 
Paris  Lines  in  Length,  reaches  only  to  the  fame,  or  very  little  lefs 
horizontal  Diftance,  than  it  does  when  it  iflues  from  a  naked  Hole. 
Therefore  the  greatefl:  Velocity  of  Water  is  very  little  lefs  after  it’s  Exit 
from  a  Tube,  than  after  it’s  Exit  from  a  Hole,  when  the  Tube  is  not 
very  fhort :  but  when  the  Tube  is  very  fhort,  fuch  as  a  Hole  in  a  Lamina 
that  is  not  very  thin,  the  greatefl:  Velocity  of  the  Water  may  be  ac¬ 
counted  the  fame  after  it’s  Exit  from  this  Tube,  as  after  it’s  Exit  from 
a  Hole  in  a  very  thin  Lamina. 

Therefore,  to  find  out  the  Certainty  of  our  Theory,  let  us  make  ufe 
of  Mario  tie’s  Experiments  concerning  the  Altitude  of  Fountains,  in  like 
manner  as  if  the  Holes  that  he  made  ufe  of  had  been  made  in  very  thin 
Lamina. 

Let  us  therefore  afifume  fome  one  of  his  Experiments,  which  may  be 
taken  as  a  Foundation  for  finding  the  Altitude  in  the  reft  of  the  Expe¬ 
riments  by  our  12th  Problem. 

He  indeed  propofes  that  for  a  fundamental  Experiment,  where  the 
Depth  of  Water  in  the  VefTel  is  exadtly  5  Paris  Feet.  But  fince  ever 
fo  little  an  Error,  fuppofe  of  2  Lines,  in  this  Experiment,  may  pro¬ 
duce  a  confiderable  Error,  namely  of  more  than  8  Inches,  in  a  7  times 
greater  Depth,  which  Mariotte  ufes  afterwards;  we  will  choofe  that 
Experiment  for  a  fundamental  one,  in  which  that  greatefl:  Altitude, 
7  times  greater  than  the  firft,  is  applied. 

Therefore  let  that  Experiment  of  Mariotte ,  in  which  the  Diameter 
of  the  Hole  is  6  Lines  and  the  Depth  of  Water  in  the  Veflel  34  Feet, 

11  I  Inches,  or  419  4  Inches,  Paris  Meafure,  for  the  Foundation  of 
our  Inquiry. 

When  he  applied  this  Altitude,  he  found  the  Water  ifluing  from  the 
Hole  to  rife  to  the  Height  of  31  Feet,  8  or  9  Inches,  that  is,  to  the 
Height  of  380  i  Inches. 

*  £/£/?.  ad  Marinonium* 


Therefore 
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Inch.  Inch. 

Therefore  A  =  419,5  .  a  =  380,5  .  and  *  —  39  Inches, 

In  another  Experiment,  where  E,  or  the  Depth  of  Water  in  the 
Vefiel,  is  26  Feet  1  Inch,  the  Water  rifes  thro*  the  fame  Hole,  accord¬ 
ing  to  Mariotte ,  to  the  Height  of  24  Feet,  2  i  Inches.  But  e,  or  the 
Height  of  the  falient  Water,  by  Prob.  XII.  Cor.  1.  is  24  Feet  3  Inches. 

But,  for  the  better  comparing  of  the  Altitudes,  which  Mariotte  found 
the  falien.t  Water  to  reach,  with  thofe  Altitudes,  to  which  it  ought  to 
arife  by  our  Calculation,  we  have  thrown  both  into  Tab.  I.  where  you 
fee  the  Calculation  to  agree  fo  with  the  Obfervations,  that  nothing  can 
be  better.  And  as  thefe  Experiments  are  made  with  the  fame  Hole  with 
the  Diameter  of  6  Lines,  the  Altitude  only  being  changed,  it  can  fcarce 
be  doubted,  but  our  third  Poficion,  by  which  the  Refiftance ,  exteris 
paribus ,  is  in  a  fabduplicate  Ratio  of  the  Altitude,  is  right. 

TAB.  I. 

Diameter  of  the  Hole  of  6  Lines. 


Altitude  of 
in  the  Veffel. 

Water 

Altitude  of  the  falient 
Water,  according  to 

Calculation. 

Feet 

Inches 

Mariotte. 

Feet 

Inches 

Feet 

Inches 

3  4* 

n, 5 

31* 

8,5 

31* 

8,5 

26. 

1 

24. 

2,5 

24. 

3 

24. 

5 

22. 

10 

22. 

10 

12. 

4 

12. 

0 

1 1. 

1 1 

5- 

6  - 

5» 

4>75 

5 3 

mi 

b 

‘V 

5* 

4* 

1 1 

4* 

1 1,2  lin. 

35* 

5 

32* 

0 

32. 

■i 

TAB.  II. 

Diameter  of  the  Hole  of  4  Lines. 


Altitude  of  Water  Altitude  of  the  falient 

in  the  VefTel.  Water  according  to  Calculation. 


Feet 

Inches 

Mariotte . 
Feet 

32. 

n.  5 

30* 

24. 

5 

22. 

5* 

6 

5* 

j  *  •  i 


Inches 

Feet 

Inches 

0 

3°. 

,  0 

8,5 

21. 

M 

4.7 

5* 

4?4 

TAB 
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TAB.  III. 

N  „  ^  ,  ,  •  >  .  v  . 

Diameter  of  the  Hole  of  3  Lines. 
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Altitude  oi 
in  the  Veffel. 

Water 

Altitude 

Water 

of  the  falient 
according  to 

Calculation. 

Feet 

Inches 

Mariotte . 

Feet 

Inches 

Feet 

Inches 

34* 

1  L5 

28. 

0 

28. 

2  6. 

1 

22. 

'  0 

22. 

1 

24. 

5 

22. 

2 

20. 

1 1 

5* 

6 

5- 

4  >7 

5- 

3,7 

When  inftead  of  the  Hole  of  6  Lines  Mariotte  made  ufe  of  the  Hole 
of  4  Lines,  he  found  the  Water  iffuing  from  a  Veffel  of  the  above- 
mentioned  Altitude,  34  Feet  ii  i  Inches,  to  reach  the  Height  ol 
30  Feet.  It  ought  to  have  reached  by  Prob.  XII.  Ccr.  2.  to  30  Feet 
2  h  Inches  nearly. 

Afterwards  when  he  ufed  the  Hole  of  3  Lines,  the  Water  iffuing  from 
the  fame  Veffel  reached  the  Fleight  of  28  Feet.  It.  ought  to  have  rifen 
by  the  fame  Corollary  to  28  Feet  9  Inches  nearly. 

But  thefe  differences  between  the  Altitudes  from  Calculation,  and  thofe 
observed  by  Mariotte  might  proceed  from  a  fmall  Error  in  taking  the 
Diameters  of  fuch  fmall  Holes. 

For  if  the  Radius  of  the  greateft  Hole,  which  Mariotte  makes  equal 
to  3  Lines,  exceeded  3  Lines  by  —  Part  of  a  Paris  Inch  ;  or  if  the 
Radius  of  the  fecond  Hole,  which  M.ariotte  makes  equal  to  2  Lines 
wanted  Part  of  a  Paris  Inch  of  2  Lines  *,  in  either  Cafe  the  Water 
will  rife  by  the  Calculation  to  the  Fleight  of  30  Feet,  as  Mariotte 
obferved. 

Alfo  if  the  Radius  of  the/leaff  Hole  was  lefs  than  1  I  Line  by  ~  Part 
of  a  Paris  Inch,  and  at  the  fame  Time  the  Radius  of  the  greateft  Hole 
exceeded  3  Lines  by  737,  Part  of  an  Inch,  the  Calculation  will  give  the 
Altitude  of  the  falient  Water  28  Feet,  as  Mariotte  found  it. 

The  Calculation  being  thus  corredted  Tab.  II.  and  III.  exhibit  the 
Altitudes  of  Mariotte  compared  with  our  Calculation. 

But  here  it  mu  ft  be  obferved,  in  Pab.  II.  that  the  Altitude  of  the 
Water  fpouting  from  a  Veffel  of  24  Feet  5  Inches,  according  to  Mariotte9, s 
Obfervation,  reaches  to  22  Feet  8  a  Inches,  and  in  Pab.  III.  that  the 
Altitude  of  the  Spout  from  the  fame  Veffel  is  22  Feet  2  Inches,  both 
which  greatly  exceed  the  Altitudes  affigned  by  our  Calculation. 

But  it  is  manifeft,  that  Mariotte9 s  Numbers  are  corrupted.  For, 

t.  The  above-mentioned  Rule  of  Mariotte ,  which,  as  he  himfelf 
t^ftifies,  agrees  well  enough  with  the  Obfervations,  exhibits  much 
fmaller  Numbers,  which  come  pretty  near  to  our  Calculation. 

1 


2.  It 
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2  It  can  never  be,  that  the  Water  iflbing  from  the  Hole  of  4  Lines 
fhould  reach  the  Height  of  22  Feet  8  f  Inches,  nor  that  the  Water 

1  lining  from  the  Hole  of  3  Lines  fhould  reach  the  Height  of  22  Feet 

2  Inches  lor  Water  ifluing  from  a  Hole  of  6  Lines  reaches  only  to  the 

22  ^eet  Jo  Inches,  which  will  eafiiy  appear  from  the  Analogy 
of  Manotte's  Obfervations.  ^ 

3,  If  the  true  Height  is  22  Feet  2  Inches  in  Tab.  III.  the  Water  iffu- 
ing  from  a  VefTel  24  Feet  5  Inches  deep,  rifes  to  a  greater  Height  than 

when  it  1  flues  from  a  Veflfel  26  beet  1  Inch  deep,  which  is  manifefUy 
abfurd.  J 

Hence  I  am  induced  to  believe,  that  Mariotte ,  when  he  fpake  of 
the  firft  of  thefe  Experiments,  wrote  in  his  Adverfaria Le  jet  de  quatre 
lignes  n  a  ete  plus  bas  que  d’onze  pouces  ou  onze  pouces  &  demi,  que 
celui  dont  l  ajutage  etoit  de  fix  lignes  ;  whence  Ids  la  Hire  tranfcribed  plus 
bas  que  d  un  pouce  ou  un  pouce  &  demi.  Now  this  Correction  being 
made,  die  Altitude  obferved  by  Mariotte  will  be  21  Feet  11  Inches, 

.or  10  i  which  agrees  exaCily  with  our  Calculation. 

It  will  not'  feem  ftrange  that  fuch  Miftakes  fhould  happen,  if  we  con¬ 
fer,  that  De  la  Hire  himfelf,  who,  after  Mariotte'' s  Death,  had  the  Care 
of  printing  his  Papers,  in  the  Preface  to  this  Work  lpeaks  in  the  fol¬ 
lowing  manner  :  la  moitie  de  cet  ouvrage  etoit  ajjez  au  net  pour  elre  impri - 
tnee  ;  mats  le  reft  em' a  donne  beaucoup  de  peine  a  rajjembler  fur  le  memoir  es  qui 
m'en  ont  ete  mis  entre  les  mains  apres  fa  mort. 

But,  every  thing  being  well  weighed,  our  Calculation  agrees  fo  well 
with  the  Experiments  of  this  famous  and  diligent  Obferver,  as  alfo  with 
P oleni’s  Meafure  of  effluent  Water,  and  with  the  Meafures  of  the  Dia¬ 
meter  of  the  contra&ed  Vein  taken  by  Sir  I  Newton  and  Poleni ,  that 
it  can  hardly  be  doubted,  but  that  the  above  Theory  is  either  true,  or 
very  near  the  Truth. 

It  is  eafiiy  extended  to  Water  ifluing  thro’  any  fquare  or  re&angular 
Hole,  and  alfo  to  an  annular  Hole,  fuch  as  furrounds  Sir  7.  Newton9 s 
Circellus  %  whence  many  things  deduced  from  the  Contemplation  of  this 
Circellus ,  in  the  Refiftance  of  continuous  Fluids  muff  be  altered  ;  which 
feems  neceflary  to  be  mentioned  to  the  Learned,  to  excite  them  to  a  more 
accurate  Examination  of  what  has  been  Laid, 

II.  The  Animals  all  draw  horizontally,  and  in  a  ftrait  Line,  and  at  An  Account  tf 
right  Angles,  whereby  they  exert  their  utmoft  Force.  By  thefe  Ad  van-  *2 
rages  a  far  greater  Power  is  gained  from  the  Strength  of  Horfes,  &c.  ^  ra^ni!!bhh 
than  by  their  going  round  in  a  Circle-,  for  by  the  Twift  and  Acutenefs  Horjh or \tber 
of  the  Angles,  they  draw  in  towards  the  Centre,  whereby  they  waft e  Animals  draw 
their  Power,  and  alfo  fhorten  their  Levers:  Befides  their  Mufcles  and  ™Hmit  any 
Tendons  from  their  hinder  Legs  all  along  their  Sides  to  their  Necks  are  ^ftLficbhasne - 
unequally  (trained,  as  the  Duty  is  hardeft  on  one  Side,  even  tho’  their  wr  let  beeT 
Walk  is  large.  Therefore  each  of  thofe  Inconveniences  rrsuft  be  attended  prattifed)  and 

<»  • ,  f  t 

*  Princip.  Lib.  II.  Prop,  xxxvj.  Cor.  7,  8,  9,  10. 
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with  Pain  to  the  Animals  when  at  Work,  and  a  great  Lofs  of  their 
Strength. 

2.  A  Crank  does  not  rife  quite  3  of  it’s  Circle,  neither  do  the  Regulators 
or  Rods  rife  or  fall  perpendicular,  but  obliquely,  by  which  an  oval 
Figure  is  made  by  the  Piflon’s  Motion  in  every  Cylinder,  which  occafionS 
great  Friction  and  a  Lofs  of  Water,  and  every  Arm  of  it  is  continually 
varying  in  it’s  Power  whilft  working*  as  it’s  Lever  is  diftant  from  the 
perpendicular  Line,  and  2  of  the  Arms  (fuppofing  it  a  quadruple  one)  as 
they  crofs  the  Perpendicular  are  always  drawing  to  and  from  their  own 
Centre,  by  which  the  Power  is  not  only  loft,  but  the  Time  alfo;  and 
farther  yet,  by  the  fhortnefs  of  the  Strokes,  all  the  adjacent  Water  is 
frequently  contrarily  moved,  and  by  the  often  opening  and  Ihutting  of ' 
the  Valves,  there  is  alfo  a  great  Wafte  of  the  Water,  befidesthe  many 
heavy  Bearings,  Frictions,  Surges,  and  Repairs,  belonging  to  it*  all 
which  Inconveniencies  and  Impediments  being  thoroughly  confidered, 
there  muft  certainly  be  required  a  much  greater  Power  to  work  the  fame 
than  by  my  Method.  For,  hereby,  a  Stroke  of  24  Feet  will  rife,  and  by 
enlarging  or  diminifhing  the  fixed  Wallower,  you  obtain  a  Stroke  of  any 
required°Height,  even  to  the  extent  of  the  Atmofphere’s  Preflure.  By 
this  great  Advantage,  the  Water  rifes  freer,  and  with  greater  Velocity, 
and  as  the  Lifters  or  Forcers  rife  and  fall  exa&ly  perpendicular,  and  with 
an  equal  continued  Strain,  and  as  the  Bearings  alfo  are  fewer  and  lighter, 
confequently  the  Friftion  in  all  thefe  will  be  a  great  deal  lefs  than  with 
the  Crank,  fcfr.  And,  Laftly,  i  of  that  Water  which  is  always  loft  by 
the  flow  opening  and  fhutting  of  the  Valves  will  be  faved. 

From  the  above  Confiderations,  and  by  the  many  Experiments  I  have 
made  on  this  Occafion,  in  order  to  know  the  real  Difference  between 
thefe  different  ways  of  Working,  I  find,  that  near  twice  the  Quantity 
of  Water  will  be  raifed  to  the  fame  Height,  in  the  fame  Time,  with  the 
lame  Power,  by  my  Method,  more  than  with  the  belt  Crank-work  that 
has  ever  been  yet  erected, 


Defer  ip  t  ion  of  Fig.  io2.  a.  a.  a .  a.  Is  the  great  Frame,  the  ends  of  which  under  the 
the  Engine.  pine-apples  are  to  be  contrafted  to  the  place  of  the  little  Frame,  fo  that 
Fig.  102,103,  the  Crofs-piece  at  III.  may  fupport  the  3  Bearings  now  fhewn  in  the  little 
?0L  ©ne,  for  a  better  view  only. 

b.  h.  The  little  Frame  on  which  the  Cap  Braffes  are,  which  receive  the 
turned  T  Gudgeons  in  the  3  horizontal  Shafts. 

c.  c.  The  ftrong  Supporters  by  the  loofe  Wallowers. 

d .  d.  The  loofe  W allowers,  whofe  turned  Rounds  geer  truly  with  the 
Coggs  in  the  great  Wheel. 

e.  e.  e.  The  Regulator,  which  has  a  circular,  dire£h,  and  retrograda 
Motion;  fee  Fig,  103,  104. 

/./.  The  ftrong  Shoulder  or  Stud  fixed  to  die  Shaft  clofe  by  the  Wal¬ 
lower,  which  flops  this  loofe  Wallower,  when  the  End  of  the  Regulator 
comes  againft  it?  thereby  confining  it  for  2  Revolutions  *  after  which  it 

>  ~  '  “  •  quits 
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quits  this  Stud,  and  does  the  fame  on  the  oppafite  Side  of  the  Wheel, 
and  fo  on  alternately  to  reverie  the  Motion  of  the  Stems  La  the 
different  Cylinders. 

g.  g.  The  Y/heels  with  their  Coggs,  which  alternately  work  the 
fixed  Wallower  lying  between  them. 

b.  The  fixed  Wallower  fuppofed  to  be  of  4  Feet  in  Diameter  (on  a 
very  fhort  Shaft)  whofe  Rounds  mud  be  of  cad  foft  Iron,  and  truly 
turned,  to  elevate  and  deprefs  the  Racks  to  the  Height  of  24  Feet  by 
it’s  2  Revolutions. 

i.  i.  i.  L  The  4  Lifters  or  Forcers,  behind  each  of  which  mud  be  a 
fmall  Leverage  back  Wheel,  truly  fitted  to  direct  the  fame  to  rife  and  fall 
eafily  and  exadlly  perpendicular,  to  avoid  Fridtion  and  Lofs  of  Water  in 
the  Cylinders. 

k.  k.  The  large  vertical  Wheel,  a  fmall  Segment  of  which  comes 
through  the  Floor  in  the  Dome  for  the  4  Horfes  to  dand  and  Draw  on, 

/.  m.  The  Arms,  and  the  main  Shaft  of  the  lame. 

n.  The  turned  T  Gudgeon,  with  it’s  Collar  and  Shoulder,  both  of 
which  mud  clafp  the  Rim  of  the  under  Leverage  Wheel ;  to  keep  all  firm 
and  deady  when  in  working. 

0.  The  Leverage  Wheel  of  about  4  Feet  in  Diameter,  withaBrafs  or 
Iron  Rim  fuppofed  to  be  truly  turned,  and  to  have  a  drong  fhort  Iron 
Spindle  through  it’s  Centre,  and  at  each  End  a  turned  Steel  Collar  and 
Shoulder  bearing  on  2  cad  Cap  Brafles  exadtly  level,  and  funk  into  a 
drong  arched  piece  of  Timber  well  braced  and  iiipported  for  this 

purpofe. 

p.  p.  Two  fmall  fide  Leverage  Wheels  exa&ly  fitted  to  the  turned 
Part  of  the  great  Gudgeon,  between  the  Collar  and  Shoulder :  they  are  to 
be  fo  placed  and,  keyed,  that  their  Fridion  from  the  Gudgeon  maybe 
alike  when  at  Work. 

q.  qt  The  Steps  which  the  Horfes  Feet  prefs,  about  8  or  9  Inches 
broad,  2  Inches  thick  behind,  and  declining  to  an  Edge,  being  defigned 
to  make  level  Ground  and  good  footing  for  their  hinder  Legs  when 

r  r  Four  Horfes  only  in  view  to  avoid  Confufion,  all  drawing  hori¬ 
zontally  in  a  ftrait  Line,  and  at  right  Angles,  whereby  thefe  ufeful 
Animals  will  foon  be  taught  a  new  and  pleafant  way  of  working  to  them- 
felves,  a  more  advantageous  one  to  their  Matters,  and  of  gleaner  Utility 

to  the  Publick.  ;  .  a 

s.  The -fattening  places  behind  the  Horles,  fuppofed  to  beftrong 

Arms  below  in  the  Supporter,  and  a  Crofs-Bar  above,  at  both  of  which 
you  may  place  fmall  Sheeves  or  Rqllers ;  the  upper  Part  of  them  to  be 
level  with  each  Horfe’s  Bread  (when  drawing)  and  the  Rope  or  Strap  to 
come  over  the  fame,  in  order  to  keep  a  Weight  fufpended  of  300  IB 
more  or  left  one  or  two  Inches  from  a  Plank.  By  this  Method  you  wi  1 

be  exadly  informed  of  the  Strength  of  each  Horfe,  how  long  it  continues, 
J  X  1 2  und 
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and  when  to  relieve  him,  as  alfo  when  juflly  to  correct  the  flothful  one, 
whofe  Weight  retting  on  the  Plank  will  always  difcover  his  Lazinefs. 

t.  The  fattening  Places  before,  being  defigned  to  direct  their  Heads. 

;  u.  The  Dome  merely  for  Ornament  *,  in  the  place  of  which,  erebt  a 
Work  fort,  over  that  a  horizontal  Windmil  ;  on  the  lower  End  of  it’s 
upright  Shaft,  fix  a  Spur-Wheel  to  work  with  the  Coggs  of  the  great 
Wheel,  thereby  to  afTift  the  Horfes,  or  when  there  is  a  fufficient  Force 
of  Wind  to  do  their  whole  Duty. 

w.  The  Coupling  Staples  with  their  Brafles. 

x.  The  Strong  Catch  which  confines  the  great  Wheel  to  the  Frame., 
y<  The  Screw  or  Key-band  to  confine  all  clofe  and  tight. 

The  Cylinders  which  are  fcrewed  together  at  their  Ends  out  of 

Sight.  <  I  f  '  I,  I  | 

•  & .  All  the  fame  fort  of  Work  chiefly  for  Uniformity  in  the  Draught, 

N.  B.  A  Angle  Shaft  with  the  loofe  and  fixed  Wallowers,  will  be 
of  great  Simplicity  and  Advantage  to  the  Publick,  as  being  erefted  for 
lefs  Expence,  and  as  it  will  work  pleafantly  any  Number  of  Racks  for 
lifting  or  forcing,  a*  either  of  it’s  Ends,  or  at  both  together:  But 
chiefly,  as  it  is  eafily  adapted  to  the  different  forts  of  Windmils, 
Waterwheels,  &c.  of  all  Denominations  already  in  Ufe.  It  alfo  ferves 
for  fm all  Purpofes,  Vid.  Fig.  103.  The  Pins  4,  4,  and  the  Arms  5,  5, 
which  clafp  the  Braffes  6,  6,  with  the  oval  Figure  7  and  it’s  2  Teeth* 
make  this  Regulator,  which  is  worked  by  the  Stud  in  the  main  Shaft* 

iT  In  large  Engines  and  Machines  where  the  Motion  is  regular,  every 
iieavy  Bearing  fhould  have  one  of  thefe  Wheels,  for  they  fave  Power 
by  greatly  abating  Fri&ion.  Upon  the  Principle  of  thefe  Leverage 
Wheels,  Capt.  Rowe  has  publiflied  what  he  calls  his  Fri<ft ion- Wheels, 
dio*  Subfequent  to  my  Specification  thereof. 
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GEO  GR  A  P  HT  and  N  AVIG  AT  10  Ni 

I-  HP  E  Centrifugal  Force,  ariflng  from  the  Diurnal  Rotation  of 
JL  the  Earthy  deprefleth  it  at  the  Poles,  and  renders  it  protuberant 
at  the  Equator  ,  as  has  been  lately  advanced  by  Sir  F.  BJewtou^  and  long 
ago  by  Polybius,  according  to  Strabo  1  n  the- 2d  Book  of  his  Geography. 
But  although  it  be  of  an  oblate  fpheroidical  Shape,  yet  the  kind  of  that 
Spneroid  is  not  yet  difcovered ;  and  therefore  I  fhall  fuppofe  it  to  be 
the  common  Spheroid  generated  by  the  Rotation  of  an  Ellipfis  about  it’s 
leflfer  Axis  ;  although  I  find  by  Computation,,  that  it  is  only,  neatly, 
and  not  accurately  fuch,  I  fliall  alfo  fuppofe  the  Denfity  to  be  every 
i  ,  where 


& 
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Figure  of  the  Earth. 

where  the  fame,  From  the  Center  to  the  Surface,  and  the  mutual  Gravitation 
of  the  Particles  towards  one  another,  to  decreafe  in  the  duplicate  Ratio 
of  their  Diftances  :  And  then  the  following  Rules  will  follow  from  the 
nature  of  the  Spheroid. 

1.  Let  A  D  B  E  be  the  Meridian  of  an  oblate  Spheroid,  D  E  the  Fig. 
Axis,  A  B  the  Diameter  of  the  Equator,  and  C  the  Center.  Take  any 
Point  on  the  Surface,  as  F,  from  which  draw  F  C  to  the  Center, 

F  G,  perpendicular  to  the  Surface  at  F,  meeting  C  B  in  G,  and  F  H 
cutting  the  Line  C  G,  fo  that  C  H  may  be  to  G  H  as  3  to  2.  I  fay  that 
a  Body  at  F  will  gravitate  in  the  Direction  F  H  ;  and  that  the  mean 
Force  of  Gravity  on  the  Surface  will  be  to  the  Excels  of  the  Gravity  at 
the  Pole  above  that  at  F,  as  the  mean  Diameter  multiplied  into  the 
Square  of  the  Radius  is  to  f  of  the  Difference  of  the  longed  and  fhorteft 
Diameters  multiplied  into  the  Square  of  the  Cofine  of  Latitude  at  F. 

2.  The  Decrement  of  Gravity  from  the  Pole  to  the  Equator  is  pro¬ 
portional  to  the  Square  of  the  Cofine  of  Latitude  •,  or,  which  comes  to 
the  fame,  the  Increment  of  Gravity  from  the  Equator  to  the  Pole  is 
proportional  to  the  Sine  of  Latitude.  Hitherto  I  have  confidered  the 
Variation  of  Gravity  which  arifes  from  the  fpheroidical  Figure,  while  it 
does  not  turn  round  it’s  Axis  ;  but  if  it  doth,  the  Direction  of  Gravity 
will  be  in  the  Line  F  G,  perpendicular  to  the  Surface  ;  and  it’s  Variation 
now  arifing  from  both  the  Figure  and  centrifugal  Force,  will  be  5  times 
greater  than  what  arifes  from  the  Figure  alone  ;  as  will  appear  from  the 
Proportion  of  the  Lines  F  H  and  F  G,  the  former  being  to  the  latter, 
as  the  whole  Force  of  Gravity  at  F,  while  the  Spheroid  is  at  Reft,  to 
the  Force  with  which  a  Body  defcends  at  F,  while  it  turns  round  it’s 
Axis. 

3.  From  this  laft  Article  it  appears,  that  \  of  the  Variation  of  Gra¬ 
vity  isoccafioned  by  the  Figure  of  the  Spheroid,  and  the  remaining  f  by 
the  centrifugal  Force.  And  whereas  the  Earth  could  not  be  of  an  oblate 
fpheroidical  Figure,  unlefs  it  turned  round  it5s  Axis  5  nor  could  it  turn 
round  it’s  Axis,  without  putting  on  that  Figure:  I  fay,  that  the  Dimi¬ 
nution  of  Gravity  towards  the  Equator,  known  by  the  Experiments 
with  Pendulums,  prove  both  the  Rotation  and  oblate  fpheroidical  Figure 
of  the  Earth.. 

4.  The  mean  Force  of  Gravity  on  the  Surface  is  to  the  centrifugal 
Force  at  any  Point  Fr  as  a  Redangle  under  the  Radius  and  mean  Dia¬ 
meter  to  a  Redangle  under  the.  Cofine  of  Latitude,  and?  of  the  Diffe¬ 
rence  of  the  longe  ft  and  fhorteft  Diameters.  And  at  the  Equator,  where 
the  Co  fine  of  Latitude  becomes  equal  to  the  Radius,  the  mean  Force  of 
Gravity  is  to  the  centrifugal  Force,  as  the  mean  Diameter  to  ?  of  the 
longeft  and  fhorteft  Diameters.  This  Article  is  found  from  the  Propor¬ 
tion  of  the  Lines  F  H  and  GH  ;  the  former  being-  to  the  latter  as  the' 
Force  of  Gravity  to.  the  centrifugal  Force. 

5.  The  Proportion  of  the  Diameters  of  the  Earth  will  be  found  in  the 
following  manner:,  The  Moon  revolves  about  the  Earth  in  27^  7h,  43  V 
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or  in  '39343  Minutes:  And  her  mean  Diftance  is  about  59  I  Semi- 
diameters  of  the  Earth,  according  to  La  Hirers  and  Flawjleau* s  Tables  5 
but  near  60  i  by  Halky\  Tables.  I  fhall  therefore  take  60  for  the 
mean  Diftance,  till  it  be  better  known  :  Then  according  to  the  Nature  of 
Gravity,  as  the  Cube  of  the  Moon’s  Diftance  to  the  Semidiameter  of  the 
Earth,  or  as  2  16000  to  Unity,  fo  is  1547870000  the  Square  of  the 
periodick  Time  of  the  Moon  to  7166,  the  Square  of  the  Number  of 
Minutes  in  which  another  Moon  would  revolve  about  the  Earth  at  the 
Diftance  of  it’s  Semidiameter.  And  as  this  laft  Number  to  2062096, 
the  Square  of  1436,  the  Number  of  Minutes  in  a  Sydereal  Day,  fo  is 
Unity  to  287.7*,  which  would  fnew  the  Proportion  of  the  centrifugal 
Force  at  the  Equator  to  the  mean  Force  of  Gravity  (by  Corol.  2.  Prop.  4* 
Fib.  1.  Princip.)  were  it  not  for  the  AClion  of  the  Sun  on  the  Moon. 
Therefore  (by  Corol.  17.  Prop .  66.  Lib .  1.  Princip.)  I  fay,  As  the 
Square  of  the  Sydereal  Year,  to  the  Square  of  the  periodick  Time  of  the 
Moon,  that  is,  as  179  to  Unity,  So  is  287.7  to  1.65  which  being 
added  to  287.7,  makes  289.3.  And  therefore,  As  Unity  to  289,  ne¬ 
glecting  the  Fraction  which  is  uncertain,  So  is  the  centrifugal  Force  at 
the  Equator  to  the  mean  Force  of  Gravity  on  the  Surface.  And  thence 
(by  Article  4.)  As  289  to  4,  So  is  the  mean  Diameter  to  the  Difference  of 
the  longed  and  fhorteft  :  And  therefore,  As  the  Axis  is  to  the  equatoreal 
Diameter,  So  is  2307  to  2317,  or  in  fmaller  Numbers,  As  231  to  232, 
the  fame  as  Sir  I.  Newton  found  in  a  different  manner,  for  he  makes 
ut  as  230  to  23 1,  and  as  230  to  23 1,  So  is  23 1  to  232.004. 

6.  In  the  fame  manner  the  Proportion  of  the  Diameters  of  any  Planet 
may  be  found,  if  it  has  a  Satellite:  For  Inftance,  in  Jupiter ,  he  turns 
about  his  Axis  in  ph.  56^,  or  in  596  Minutes,  and  his  third  Satellite 
revolves  about  him  in  yd,  3h,  42b  or  in  10302.6  Minutes,  at 

the  diftance  of  15.141  of  his  Semidiameters.  Therefore,  I  fay.  As  the 
Cube  of  15.141  to  Unity,  So  is  the  Square  of  10302.6  to  30579,  the 
Square  of  the  Number  of  Minutes  in  which  a  Satellite  would  revolve 
about  him  at  the  diftance  of  his  Semidiameter  :  And  as  this  laft  Num¬ 
ber  is  to  355216,  the  Square  of  596,  fo  is  Unity  to  11  or  the  cen¬ 
trifugal  Force  at  his  Equator  to  the  mean  Force  of  Gravity  on  his  Sur¬ 
face.  There  is  no  need  of  correcting  this  Number,  as  in  the  former 
Article,  becaufe  the  periodick  Time  of  Jupiter  round  the  Sun  is  vaftiy 
greater  than  that  of  his  third  Satellite  round  him.  I  have  chofen  the 
third  Satellite  before  any  of  the  reft,  becaufe  it’s  greateft  Elongation  was 
obferved  by  Dr  Pounds  with  a  Micrometer  adapted  to  a  Telefcope  123 
Feet  long  *,  and  he  alfo  took  the  Diameter  of  Jupiter  by  the  Tranfit  of 
the  Satellite,  which  is  a  much  more  exaCt  Way  than  with  a  Micrometer. 
But  as  the  Planes  of  Jupiter* s  Satellites  almoft  coincide  with  the  Plane  of 
his  Equator,  the  Diameter,  determined  by  the  Tranfit  of  the  Satellite, 
is  his  greateft ;  and  the  Diftance  of  the  Satellite,  which  ought  to  have 
been  given  in  his  mean  Diameters,  is  aftigned  in  his  greateft :  For  which 
Eeafon  the  Force  of  Gravity  already  found,  muft  be  augmented  in  the 
*  triplicate 
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triplicate  Ratio  of  his  greateft  Diameter  to  his  mean  one ;  that  is,  if  a 
reprefents  the  mean  Diameter,  and  d  the  Difference  of  the  longeft  and 
Ihorteft,  in  the  Proportion  of  2  a  3  d  to  2  a  very  nearly.  Plence, 
Ss  the  centrifugal  Force  at  his  Equator*'  to  the  mean  Force  of  Gravity 

<2  (l  — L™  n  gj 

on  his  Surface,  fo  is  Unity  to  1 1  i  x  — — -  -  -■  And  (by  Article  4.) 

2  Cl 

X  i  %  x  ?  ?~J — 2J? ;  i  :  :  a  :  f  d,  or  20  a  a  =  186  a  d  -J-  279  d  d\ 
2  a  . 

-which  makes  a  tod ,  as  108  to  to  ;  and  thence  the  Axis  is  to  the  equa- 
toreal  Diameter,  as  108  —  5  to  108  -j-  5,  or  as  103  to  113  ;  that  is, 
as  12  to  13  -3:  Which  agrees  nicely  with  the  Obfervations  of  both 
Dr  Pound  and  Mr  Bradley,  made  with  Huygens’s  Long  Telefcope ;  the 
former  making  it  as  12  to  13,  and  the  latter  as  25  to  27,  which  is  very 
nearly  the  fame.  And  if  this  Theory  agrees  fo  well  with  Obfervations 
in  Jupiter ,  there  is  no  doubt  but  it  will  be  more  exadt  in  the  Earthy 
whofe  Diameters  are  much  nearer  to  Equality. 

7.  By  Experiments  made  at  Jamaica*  in  the  Latitude  of  180  with  a 
very  curious  Clock,  contrived  by  Mr  Graham ,  it  was  found  that  the 
London  Pendulum  went  (lower  there  by  2 f  611  in  a  Sydereal  Day,  thag 
at  London.  But  it  was  found  by  Experiments  made  with  Thermometers,, 
that  9U  were  to  be  allowed  for  the  lengthening  of  the  Pendulum  by 
Heat  5  and  therefore  it  was  retarded  only  iT  57 ;/  by  the  Decrement  of 
Gravity.  So  that  while  a  Pendulum  of  London  makes  86164  Vibrations, 
the  Number  of  Seconds  in  a  Sydereal  Day,  the  fame  at  Jamaica  only  gives 
86047  Vibrations.  Therefore  the  Force  of  Gravity  at  London  is  to  that 
in  the  Latitude  of  1 8°,  as  the  Square  of  861 64  to  the  Square  of  86047  5  that 
is,  very  nearly  as  1106  to  1 103.  And  (by  Article  1,  and  2.)  if  a  denote  the 
mean  Diameter  of  the  Earth,  d  the  Difference  of  the  great#  and  (mailed  5. 

a—  —  will  denote  the  Force  of  Gravity  in  general  in  any  Latitude, 
rr 

whofe  Cofine  is  to  the  Radius  as  c  to  r:  Where,  if  in  the  Place  of  c  there, 
be  fubdituted  the  Codnes  of  51 0  :  32  ^  and  180  :  o1,  that  is  of  the 
Latitudes  of  London  and  Jamaica,  we  (hall  have  the  Force  of  Gravity  at 
the  former  to  that  at  the  latter,  as  a  — [3870  dto  a  -  [9045  ^  t[iat  ls  as 
1*106  to  1103..  Whence  the  mean  Diameter  of  the  Earth  will  be  to 
the  Difference  of  the  Axis  and  equatoreal  Diameter,  as  19 1  to  Unity; 
and  thence  (by  Article  4.)  as  the  mean  Gravity  on  the  Surface  to  the 
centrifugal  Force  at  the  Equator,  fo  is  191  to  t,  or  fo  is  239  to  Unity. 
In  order  to  (hew  that  this  cannot  be,  I  (hall  obferve,  that  when  the 
Moon’s  Didance  was  fuppofed  60  Semidiameters  of  the  Earth  (as  in* 
Article  5.)  it  was  found  that  the  mean  Force  of  Gravity  was  to  the  cen¬ 
trifugal  Force  at  the  Equator,  as  289  to  1.  But  if  the  Proportion  now 
found  be  true,  the  Moon’s  Didance  of  60  Semidiameters  mud  be  aug¬ 
mented  in,  the  fubtriglicate  Proportion  of  289  to  239,  and  then  it  will: 

*  See  Chap,  V.  §.  III.-  become 
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become  64  Semidiameters.  In  the  like  manner,  if  we  compute  the 
Ratio  of  the  mean  Force  of  Gravity  to  the  centrifugal  Force,  by  pre- 
fuppofmg  the  Magnitude  of  the  Earth,  as  Sir  I,  Newton  and  Mr  Huygens 
Aid,  we  mud  fuppofe  a  Degree  to  be  above  80  Englijh  Miles  to  bring  it 
out  239  to  Unity.  Now  whereas  it  is  certain  that  the  Diftance  of  the 
Moon  is  about  60  Semidiameters  of  the  Earth,  and  that  a  Degree  is  lefs 
than  70  Englijh  Miles  *,  therefore,  I  fay,  that  the  Conclufion  which 
ieems  to  follow  from  the  Jamaica  Experiment,  cannot  be  allowed  to  be 
true.  And  the  Experiments  made  by  Richer ,  in  the  Ifland  of  Cayenne 
would  ftill  make  a  greater  Difference  betwixt  the  Diameters  of  the 
'Earth,  than  thofe  made  in  Jamaica .  And  the  Lengths  of  the  Paris 
and  London  Pendulums  compared  together,  would  make  it  greater  than 
one  231  Part  of  the  Whole,  as  it  was  found  in  Article  5. 

8.  From  all  the  Experiments  made  with  Pendulums,  it  appears  that 
the  Theory  makes  them  longer  in  Iflands,  than  they  are  found  in  Fad. 
The  London  Pendulum  fhould  be  longer  when  compared  to  the  Paris 
one,  than  it  really  is :  The  Jamaica  Pendulum,  when  compared  to  the 
London  one,  which  vibrates  in  a  greater  Ifland,  fhould  be  longer  than  is 
found  by  Experience  *,  and  the  Pendulum  in  Cayenna  (a  fmaller  Ifland 
than  Jamaica)  fhould  ftill  be  longer.  This  Defed  of  Gravity  in  Elands 
is  very  probably  occaftoned  by  the  Vicinity  of  a  great  Quantity  of  Water, 
which  being  fpcci ideally  lighter  than  Land,  attrads  lefs  in  Proportion 
to  it’s  Bulk.  And  I  find  by  Computation,  that  the  Odds  in  the  Pen¬ 
dulums  betwixt  Theory  and  Pradice  is  not  greater  than  what  may  be 
accounted  for  on  that  Suppofxtion.  I  fhall  alfo  obferve,  that  although 
the  Matter  of  the  Earth  were  entirely  uniform,  yet  the  Elypothefis  of  it’s 
being  a  true  Spheroid  is  not  near  enough  the  Truth  to  give  the  Number 
of  Vibrations  which  a  Pendulum  makes  in  24  Flours.  And  fuppofe  the 
true  Figure  were  known,  the  Inequalities  of  Mountains  and  V allies. 
Land  and  Water,  Heat  and  Cold,  would  never  allow  Theory  and  Ex¬ 
periments  to  agree.  But  after  the  French  Gentlemen  who  are  now  about 
meafuring  a  Degree,  and  making  Experiments  with  Pendulums  in  the 
North  and  South,  fhall  have  finifhed  their  Defign,  we  may  exped  new 
Light  in  this  Matter. 

II.  According  to  Sir  I.  Newton's  Principia  (Cor.  3.  Prop.  ,XCI. 
Lib.  1.  and  Prop.  XIX.  Lib.  3. J. if  an  elliptic  Spheroid,  confiding  of 
Trove/1  that  an<^  homogenous  Particles  mutually  attrading  each  other,  in  an 

she  Figure  *  of  inverfe  Ratio  of  the  Square  of  the  Diftances  be  revolved  round  it’s  Axis 
tbs  Earth  muft  A  /z,  that  the  Columns  C  E,  C  N,  C  A,  of  which  that  Spheroid  is 
wery  nearly  ap- q ompofed,  may  be  placed  in  AEquilibrio ,  and  fo  the  Spheroid  may 
^EUipfu  a/cor-  a^ways  have  the  fame  Figure,  the  Gravity  in  any  Point  of  the  Surface  N 
ding  to  the  muft  neceffarily  be  in  an  inverfe  Ratio  of  the  Radius  C  N. 

Lanxoi  of  At-  That  we  may  know  therefore,  whether  the  Spheroid  has  this  Property, 
trad  ion,  in  an  Jet  us  now  feek  what  Attradion  is  fuffered  by  every  Corpufcle  N,  of  the 
///beS qua/e of  wh°le  Spheroid  according  to  the  Diredion  C  N  *,  and  from  that  At- 
shs  Diftances,  tradion  let  us  take  that  Part  of  the  centrifugal  Force,  which  proceeds 
4  .  -  ■  i  '  ,  -  •  ;  -  *.  .  from 


Some  Invefti- 
gations ,  by 
<avhich  it  is 
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feek  whether  the  remaining  Force  is  proportional  to  - 


. .  #  _  9 

from  the  Rotation  of  the  Spheroid  aCting  according  to  C  N,  and  let  us  b  M.  Alexia 

*  -  Clairauf, 

n  Therefore 

C  £vj  Acad,  Sac, 

we  will  firft  investigate  the  following  ;  and  as  our  Intention  is  to  apply  ' 

our  Difcoveries  to  the  Spheroid  of  the  Earth,  which  all  agree  to  be  very  Jan. 
little  different  from  a  Sphere,  our  Computations  muff  be  adapted  to  thole  1 737- 
Spheroids,  the  greater  Axis  of  which  exceeds  the  leffer  by  the  very 
fmalleft  Quantity. 

Prob.  I.  Eo  find  the  Attraction ,  which  the  Spheroid  A  E  a  e,  differing  pig.  io6 
very  little  from  a  Sphere,  exercifes  on  a  Corpufcle  fitUated  at  the  *  * 
Pole  A,  '  -  '  1  T  9 

For  the  Solution  of  this  Problem  we  fhould  repeat-,  Cor.  2.  Prop.  9  r. 

Newt.  Princip.  by  which  you  may  learn  the  manner  of  finding  the 
Attraction  of  any  Spheroid,  if  you  fubftitute  in  the  general  Value  for  C  E 
the  Quantity  which  differs  infinitely  little  from  A  C  ;  but  as  in  that  cafe 
the  Problem  comes  out  much  eafier,  we  fhail  folve  it  after  the  following 
manner. 

Let  A  MD^ibea  Sphere,  of  which  the  Radius  is  A  C  :  We  will 
feek  the  Attraction  of  the  Space  which  rifes  from  the  Revolution  AD^E, 
which  Attraction,  being  added  to  the  Attraction  of  the  Sphere,  gives 
the  Attraction  fought. 

To  find  the  Attraction  of  the  Space  arifing  from  the  Revolution 
ANE^DM,  let  A  C  be  r,  D  E,  «r,  A  P,  ■«,  then  from  the  Nature 
of  the  Ellipfe  N  M  =  a  s!  2  r  u  —  u  u->  but  from  the  Nature  of  the 
Circle  AM^^ni.  But  the  Space  arifing  from  the  Revolution 


N  n  m  M  will  be  -  2  r  u 


r  the  Radius . 


cc  C 
r 


u  u  .  d  u,  for  c  is  the  Circumference,  and 


Becaufe  of  the  Smallnefs  of  N  M,  we  may  account  all  the  Particles  of 
Matter  contained  in  that  Space  as  equally  attracting  the  Corpufcle  in  A  ; 
wherefore  you  will  make  but  little  account  of  the  Attraction  of  that 
Space,  if  you  multiply  it’s  Solidity  by  the  Attraction  in  M.  But  that 

1  A  P 

Attraction  in  M  ought  to  be  — —  x  — — ,  You  will  therefore  ha\T 


AM' 


AM 


analytically 


u 


a  c 


2  r  u  —  u  u  .  d  u 


ot  C 


2  r  r  st  z 

ce,  C 


O  y 


2  r  u  sj  2  r  u  *  r 

(2  r  d  u  n  —  u  d  u  sf  u)  of  which  the  Integral  ^  -  r  r  ^  2  r 


( 


£  r  u  V  u  —  —  u  u  u  )  is  the  Attraction  of  the  Space  arifing  from 

3  .  5  / 

the  Revolution  A  N  M.  In  which  Value,  if  you  make  a  =  2  r,  you 

:  VOL.  VIII.  Part.  i.  U  u  will 
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Note; 


Lemma, 
Pig.  107, 


Careli. 
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will  have  by  Reduction  —  c  a,  *,  whence  the  Attraction  of  the  whole 

*5 

■» 

2 

Space  A  E  a  C  is  expreffed,  and  by  adding  afterwards  —  c  for  the  Attrac- 

3 

tion  of  the  whole  Sphere,  you  will  have  -  c  “t"  ~  c  Attraction 
of  the  Ellipfoid.  V 


If  you  would  have  an  oblong  Spheroid,  a  will  be  negative,  but  the 

2  8 

Sum  of  the  Attraction  will  be  —  c  —  - —  c  <*, 

3  15 

If  the  above  Spheroid,  inflead  of  circular  Elements  arifing  in  P  N, 
confifled  of  other  Elements,  for  Inflance,  Elliptical,  which  fhould 
differ  from  a  Circle  no  more  than  the  Ellipfis  A  E,  and  fhould  have  the 
fame  Surface  as  the  Circles  P  N,  the  Attraction  would  manifeflly  be  always 
the  fame,  becaufe  in  thofe  Elements  P  N,  whatfoever  the  remaining 
Force  fhould  be,  the  Circles  P  M  being  taken  away,  it  would  be  as  it 
were  compofed  of  Parts  which  would  have  the  fame  Attraction  as  upon 
that  of  the  Ellipfoid,  having  regard  to  the  Smallnefs  of  N  M,  and  the 
Quantity  of  equable  Matter. 

Let  K  L  be  a  Circle,  H  the  Centre  of  the  Circle,  V  H  a  Perpend  icular 
in  the  Area  of  the  Circle,  and  NH  a  Line  equal  to  the  Perpendicular  V  H, 
which  fhall  make  therewith  an  Angle  infinitely  fmalJ  or  very  fmall, 
I  fay  that  the  Attraction  of  the  Circle  KL  in  N,  may  be  taken  without  any 
fenfible  Error  as  the  Attraction  of  the  Circle  in  V*  or,  which  is  the 
fame  thing,  that  one  Attraction  does  not  differ  from  the  other  but  by  a 
Quantity  infinitely  lefs  with  refpet  to  both,  than  V  N  is  lefs  in  refpet 
to  H  V. 

To  demonflrate  which  Propofition,  it  muff  be  fhewn,  that,  2  Cor- 
pufcles  being  placed  at  the  extremity  of  any  Diameter  K  L,  there  is  one 
attractive  Force  in  N,  and  another  Force  in  V,  of  which  the  Sum  may 
be  reckoned  the  fame.  But  negleting  the  Computation  to  have  the 
Attract  ion  of  a  Body  placed  in  K  to  the  Corpufcle  N,  you  may  eafily 
fee,  that  it  will  be  the  fame  with  the  Attraction  in  V,  to  which  a  fmall 
Quantity  fhould  be  added,  which  N  V  fhould  enter.  In  like  manner 
affo  you  may  fee,  that  the  Attraction  of  the  Body  placed  in  L  to  the  Cor¬ 
pufcle  N  will  be  the  fame  with  the  Attraction  in  V,  taking  away  the 
fame  fmall  Quantity.  Therefore  the  Sum  of  both  thefe  Attractions  is, 
one  and  the  fame. 

If  inflead  of  the  Circle  K  L  there  was  a  certain  Ellipjis,  or  any  other 
curve  Line,  which  fhould  differ  very  little  from  a  Circle,  by  the  fame 
Arguments,  which  were  ufed  in  the  Note,  it  is  eafily  gathered  that  there 
would  always  be  place  for  the  foregoing  Propofition*. 

Let 
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Lei:  A  E  ^  £  be  an  Elliptic  Spheroid,  of  which  let  A  a  be  the  yfeA  Theorem  I, 
of  Revolution.  I  fay  that  the  Attradion,  which  this  Spheroid  exercifes  FiS‘  l0d< 
to  the  Corpufcle  placed  in  N,  is  the  fame  with  that  Attraction,  which 
every  Spheroid  exercifes,  whole  Pole  fhouldbe  M,  Axis  of  Revolution  Nr, 
and  fecond  Axis  the  Radius  of  a  Circle,  which  fhould  have  the  fame 
Superficies  as  the  Ellipfis  F  G,  a  Sedion  of  the  Ellipfaid  A  E  a  e  thro*  a 
Plane  ereded  perpendicularly  on  F  G,  it’s  conjugate  Diameter. 


To  Demonftrate  this,  imagine  innumerable  Elements  K  L,  parallel 
to  the  Ellipfis  F  G,  that  is,  all  ereded  upon  Ordinates  to  the  Diameter, 
It  is  evident,  that  the  Spheroid  A  E  a  e  will  differ  from  the  aforefaid 
Spheroid  only  in  this,  that  in  the  Hrfl  all  the  Elements  make  an  Angle 
with  C  N  differing  from  a  right  Angle  by  an  Angle  infinitely  fmall, 
but  in  the  fecond  all  the  Elements  make  a  right  Angle  without  any 
Difference,  whereas  in  both  Spheroids  the  Elements  have  the  fame 
Superficies.  But,  by  the  preceding  Propofition,  the  Attraction  of  every 
Element  K  L  to  N  is  thought  in  a  manner  the  fame  in  both  Cafes  *,  but 
as  for  the  Thicknefs  of  the  Elements,  K&  /L,  we  may  take  H  h  for  the 
Perpendicular  h  /,  becaufe  of  the  Smallnefs  of  the  Angle  i  h  H  *,  there¬ 
fore  the  total  Attradion  of  both  Spheroids  may  be  taken  one  in  the 
Room  of  the  other. 


T o  find  the  Attraction  of  the  Spheroid  A  E  a  to  a  Corpufcle  placed  in  prob.  II. 
any  Point  N. 

Let  A  C  =  a,  C  E  =  b,  C  N  =  r,  C  G  the  conjugate  Diameter,  C  N 
ah 

will  be  —  (fince  a  and  h  differ  very  little  between  themfelves)  we  muff 

(by  the  preceding  Propofition)  feek  the  Attradion  of  the  Spheroid, 

_  .  .  .  N  „  , abb  .  ,  a 

whofe  greater  Axis  is  r,  and  leffer  v  — — ,  or  b  y 


To  this  we  muft  apply  the  Formula  which  we  found  in  Proh .  I. 


'  flL..’*  *  jg  £  8r  1  ~ 

^  c  or  j  ?  r  —  ^  P  r  a  (putting  p  r  for  c)  but  inftead  of-#* 


in  this  Formula,  we  muft  fubftitute 


a 

r  —  bW* 
r 


b  §  a 
7 


—  x  —  m,  if  you  put  a  ma  for  ba-^n  a  for  r,  and  in  the  Coni' 

putation  negleft  the  fecond  Degrees  of  the  Magnitudes  n  and  m. 

U  u  2 


If 
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If  therefore  you  put  n  —  m  in  the  place  of  a,  the  aforefaid  Formula 

*  •  v-  '  *  4 

....  2  4  .  8  |  2  2  .IT' 

will  become  —  p  r - p  r  n  +  —  p  r  m,  or  —  pa - pan  -r  — . 

3  5  1 5  3  l5  1 5 

p  a  m\  which  is  the  Expreflion  of  the  fought  Attraction  of  the  Spheroid 

in  N. 


Theorem  II. 
pig.  xo6*. 


« 


2  g 

If  n  =  o,  then  you  may  have  ~1  p  <*  -{-  . —  p  £  ^  for  the  Attraction 

3  *5 

in  *?,  that  is,  to  the  Pole. 


2  b 

But  if  n  =  «?,  then  you  may  have  —  p  0  +  —  p  a  m  for  the  Attrac- 

3  *5 

tion  to  the  Equator. 

Let  A  E  a  e  be  a  Spheroid  as  above,  whofe  Axis  differs  by  a  very 
fmal!  Quantity,  which,  for  the  greater  Perfpicuity,  I  fhall  call  infinitely 
fmalh  If  this  Spheroid  is  conceived  to  be  of  a  fluid  and  homogenous 
Matter,  and  turned  about  th tAxis  A  in  a  congruent  Time,  that  the 
Gravity  of  the  Column  C  E  may  be  equal  to  the  Gravity  of  the  Co¬ 
lumn  A  C,  that  is,  by  Sir  /.  Newton's,  Principles,  the  Attraction  in  E, 
the  Centrifugal  Force  being  taken  away,  may  be  to  the  Attraction  in  A, 
as  C  A  to  C  E :  I  fay,  that  all  the  Columns  C  N,  wanting  an  infinitely 
fmall  of  the  fecond  Order,  will  preferve  an  Mqilihrium  with  thofe  2 
Columns;  that  is,  the  .Attraction  in  N,  taking  away  the  centrifugal 
Force  made  fimple  according  to  C  N,  is  to  the  Attraction  in  A  as  C  A 
to  C  N. 


Let  the  fame  Denominations  be  preferved  for  the  Demon  ft  ration, 
which  were  ufed  in  the  preceding  Propofition  ;  firft  let  the  centrifugal 
Force  in  E  be  fought,  which  may  agree  with  the  /Equilibrium  of  the 
Columns  C  E,  C  A. 


1  herefore  fay  -*■  p  a  ■ —  p  a  m  —  f :  —  p  a  —  pam::  i : i-j- my 

whence  is  drawn  /=  —  p  a  m. 

Then  to  apply  the  Gravity  in  N  compounded  of  the  Attraction^ 
taking  away  the  centrifugal  Force,  the  centrifugal  Forpe  iff  N  is  to  be- 
fought,  or,  which  is  the  fame  thing,  in  M  above  the  Sphere,  becaufe 
they  ought  to;differ  from  each  other  only  by  an  infinitely  fmall  of  the 
feond  Order,  if  D  E  is  fuppofed  to  exprefs  the  centrifugal  Force / in  E, 
M  N  will  exprefs  the  centrifugal  Force  in  N,  but  the  centrifugal  Forces 
are  as  Radii ,  when  the  Times  of  Revolutions  are  the  fame*. but  by  th£ 
property  of  the  Ellipfis  it  becomes  as  D  E  :  IsT  M  : :  C  E  :  M  P. 

But  if  the  centrifugal  Force  a£ts  according  to  N.P,  it  muft  be  reduced, 
according  to  N  C,  and  NO  will  be  the  remaining  Part.  Therefore’’ 

f.  n  "J  the 
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the  centrifugal  Force  in  N  or  in  M  is  to  the  centrifugal  Force  in  E  or 
in  D,  as  N  O  is  to  DE.  Therefore  the  Expreflion  of  the  centrifugal 

8 

Force  in  N  will  be  —  p  a  n,  and  confequently  the  Expreflion  of  the 
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Gravity  will  be  —  pa - pan- {-*  —  p 

3  1  />  ' 


8 


8  2' 

a  m - p  n  a*  or  —  pa 

*5  3 


2  8 

—  —  p  n  a  -E  —  p  a  tn, 

3  *5 

Now  to  find  the  centrifugal  Force  in  N,  which  follows  from  the 
^Equilibrium  of  the  Columns,  the  Gravity  in  A  mud  be  to  the  Gravity 

2  8 

in  N,  as  N  C  to  A  C,  the  Gravity  in  A  is  —  p  a  -j - p  a  my  which 

3  lS 


Expreflion  being  drawn  into 


i  -j-  n 


or  i 


after  Reduction  will 
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become  —  pa  —  —  pn-h  —  pam,  and  is  the  fame  Expreflion  with 
3  3  ‘15 

that  above,  A  hence  we  may  fee,  that  there  can  be  but  an  infinitely  fmali 
Difference  between  the  Figure  which  the  Earth  ought  to  have  by  the 
Newtonian  Hypoihefis ,  and  the  Ellipfoid.  For  as  the  Quantity  D  E  is 

about  -i-  Part  of  A  C,  in  the  preceding  Computation,  we  negledl  only 
230 


the  Quantities  of  the  fame  Order  with 

'  III.  r/  That  the  Figure  of  the  Earth  is  Spheroidical  is  agreed  upon 
by  all :  But  whether  it  be  an  oblong  or  oblate  Spheroid,  i.  e.  whether 
the  Axis  be  longer  or  fhorter  than  a  Diameter  at  the  Equator,  has  been 
for  fometimea  matter  of  Doubt.  Three  feverai  Methods  have  been 
propofed  to  determine  this  Controverfy  by  Experiments  as  by  the 
different  Lengths  of  Pendulums  vibrating  Seconds,  in  different 
Latitudes  •,  the  Figure  ot  the  Earth’s  Shadow  m  Lunar  Eciipfes  t,  and 
by  the  aftual  Meafurement  of  the  Lengths  of  a  Degree  on  the  Meridian 
in  different  Latitudes* 

It  is  certain,  if  the  Lengths  of  the  Degrees  of  Latitude  decreafe  as  we 
go  from  the  Equator  toward  the  Poles,,  then  the  Axis  is  greater,  and  the 
Figure  an  oblong  Spheroid  ,  but,  on  the  contrary,  it  tnefe  Lengtns 
ificreafe  as  you  remove  towards  the  Poles,  the  Axis  is  lefs  than  a 

Diameter  at  the  Equator,  and  confequently  an  oblate  Spheroid, 

*  M .Cajjini  and  others,  judge  the  Earth  to  be  ot  an  oblong .Spheroidical 
Figure ;  and  the  Obfervations  made  in  France,  if  entirely  to  be  depended 
upon,  prove  this  Hypothecs X o  be  a  Matter  of  Faft.  Our  late  llluftnous. 
Preficknt^  Sir.  I/aac  Newton *  Mr  Huygens 5  and  others,  make  the  Earth 
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to  ;be  an  oblate  Spheroid,  higher  at  the  Equator  than  at  the  Poles  ; 
and  this  Figure  of  the  Earth  is  undoubtedly  the  true  one,  if  the  Obfer¬ 
vations  lately  made  near  the  Ar&ic  Circle  be  admitted  as  certain  and 
exact  So  that  fince  both  Sets  of  Ob fer vations  have  been  taken  by 
Perfons  of  known  Skill,  Dexterity,  and  Integrity,  it  is  now  become, 
abfolutely  neceftary  to  inquire  into  this  Matter,  in  order  to  find  out  the 
Occafioa  of  fo  great  a  Difference  in  their  Conclufions. 

Mr  Celfius ,  in  the  Treatife  before  us,  propofes  to  confider  this  Mat¬ 
ter  more  clofely,  and  begins  with  a  Defence  of  the  Obfervations  made 
at  Torne  a,  near  the  North  Polar  Circle  •,  and  then  takes  Notice  of  fome 
Things,  proper  to  be  confidered,  relating  to  the  Inftruments,  Aftrono- 
mical  Obfervations,  and  Trigonometrical  Operations,  performed  in 
France •,  which,  in  his  Judgment,  render  the  Obfervations  uncertain; 
at  lead:  fo  far  as  not  to  be  accurate  enough  to  be  depended  upon  in  de¬ 
termining  the  Matter  in  Queftion. 

To  begin  with  the  Defence  of  the  Obfervations  made  at  Tornea  : 
Perhaps  it  may  not  be  improper  to  premife  a  fhort  Account  of  them. 
They  were  undertaken  at  the  Charge  of  the  King  of  France ,  by  5  fkil- 
ful  Gentlemen ;  3  of  them  Members  of  the  Royal  Academy  at  Paris * 
who  were  joined  by  Mr  Celfius ,  and  the  Abbe  Authier .  Thp  Trigono¬ 
metrical  Part  of  the  Work  was  performed  near  the  River  of  Tornea , 
whofe  Direction  is  the  fame  with  the  Meridian  of  Tornea  ;  the  Coafts  of 
the  Gulph  of  Bothnia  being  found  very  inconvenient  for  that  Purpofe. 
By  the  favourable  Situation  of  5  Mountains  they  formed  8  Triangles, 
which  took  in  Space  enough  for  their  Defign.  All  the  5  Gentlemen 
obferved,  one  after  another,  each  Angle  of  thefe  Triangles,  fetting 
them  down  in  writing  leparately. 

They  afterwards  determined  the  Diftance  between  Tornea  and  Mount 
Kittis^  under  the  fame  Meridian,  by  a  Bafis,  mealured  on  the  River 
when  frozen  over,  whofe  Length  was  7406  Toifes  5  Feet,  by  the  firft 
Meafurement  *,  and  when  meafured  again,  was  barely  4  Inches  over. 
This  Diftance  between  them  they  found  to  be  55,234  Toifes. 

The  firft  Part  of  their  Work  being  thus  finiftied,  the  next  was  to 
find  the  Difference  of  Latitude  of  thefe  two  Places :  This  they  did  by 
the  Help  of  a  Telefcope,  fixed  to  a  Sedor  of  9  Foot,  made  at  London , 
by  the  Care  and  Diredtion  of  Mr  George  Graham.  The  Star  they  ob¬ 
ferved  at  Tornea  was  a  Draconis :  They  repeated  their  Obfervations 
3  Times,  and  the  greateft  Difference  between  them  was  but  2fl  :  Re¬ 
moving  to  Mount  Kittis,  they  took  the  fame  Number  of  Obfervations, 
of  the  fame  Star,  without  finding  more  than  ilf  Difference.  The  Re- 
fult  was,  that  die  Amplitude  of  the  Arch,  in  the  Heavens,  between 
Tornea  and  Mount  Kittis ,  (allowing  for  the  Preceffion  of  the  Equinox, 
and  the  Time  elapfed  between  the  2  Obfervations,  according  to  Mr 
Bradley's  Theory)  was  57 #  26T  Hence  the  Magnitude  of  a  Degree, 
on  the  Earth,  interfering  the  Polar  Circle,  was  found  to  be  greater 
than  a  mean  Degree  of  France  377  Toifes;  and  to  differ  900  Toifes 
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from  what  it  fhould  have  been,  according  to  M.  Caffim’s  Hypothecs » 
And  if  the  Correction,  according  to  Mr  Bradley's  Theory,  were  omit¬ 
ted,  the  Difference  would  have  amounted  to  above  1000  Toifes  :  The 
Confequence  of  which,  fay  the  curious  Obfervers,  is,  That  the  Earth 
is  not  only  flatted  towards  the  Poles,  but  that  it  is  much  more  fo  than 
Sir  L  Newton  or  M.  Huygens  thought  it.  This  unexpected  Difference 
being  fo  very  great,  made  them  refolve  upon  a  careful  as  well  as  new 
kind  of  Verification  of  the  Whole.  In  the  firft  Place,  they  repeated 
their  Aftronomical  Obfervations  3  feveral  Times,  at  T ornea  and  Kittisy 
with  the  fame  Inftrument,  but  on  another  Star,  viz.  $  Draconis :  The 
Difference  of  Latitude  between  the  2  Places  was  found  to  be  the  fame, 
within  3^",  with  the  Firft.  They  then  not  only  examined  the  Truth 
of  their  Meridian  Line,  the  ExaCtnefs  of  the  SeClor,  in  the  different 
Divifions  upon  the  Limb,  chiefly  in  the  20  imployed  in  obferving  <*  L?  £ 
Draconis ,  but  fuppofed  that,  in  their  Trigonometrical  Operations,  they 
had  erred  in  each  Triangle,  by  20 in  each  of  the  2  Angles,  and  40 11 
in  the  Third  ;  and  that  all  thefe  Errors  tended  to  diminifh  the  Length 
of  the  Arch  y  the  Calculation,  upon  this  Suppofltion,  gives  but  44 
Toifes  for  the  greateft  Error  that  could  be  committed. 

When  a  particular  Relation  of  all  thefe  Obfervations  was  read  before 
the  Royal  Academy  of  Sciences  at  Paris ,  and  inquired  into ;  the  main- 
Exception  taken  to  them  was,  That  the  Obfervers,  omitting  to  make 
a  Proof  of  the  Line  of  Collination,  by  Means  of  double  Obfervations, 
with  the  Face  of  their  Inftrument  turned  contrary  Ways,  have  thereby 
not  duly  afcertained  the  Truth  of  their  Obfervations.  But  this  Objecti¬ 
on  was  fully  anfwered  by  M.  Maupertuis ,  as  Mr  Celjius  hopes  and  be* 
lieves,  to  the  entire  Satisfaction  of  M.  C  affini  ?  who  made  it.  He  al¬ 
lows  M.  Caffimi  had  very  good  Reafon  to  mention  this,  as  a  Thing  pro¬ 
per  to  be  done  in  Inftruments  of  common  Ufe  for  this  Purpofe,  which 
generally  ftand  in  Need  of  fuch  a  Method  of  Verification  :  But  it  was 
not  at  all  neceflary  in  the  Inftrument  ufed  at  Cornea  and  Mount  Kitiis  : 
The  very  Make  of  it  was  fuch,  that  no  Alteration  could  eafily  be  made 
In  it,  fo  as  to  create  any  perceptible  Error  in  the  Obfervations.  The 
whole  Apparatus  of  the  Telefcope  and  Sector  is  all  framed  together 
the  ObjeCt-glafs  and  Crofs- wires,  as  well  as  the  Limb,  fo  firmly  fixed 
to  the  Tube,  as  not  to  be  diflocated  without  great  Violence.  Notwith- 
ftanding  all  this,  the  utmoft  Care  was  taken  in  transporting  it  from  one- 
Place  to  another  ;  being  placed  in  a  Cheft,  tha'tthe  Laplanders ,  to  ufe 
his  own  Words,  in  ilia  cifta  idolirn  quoddam  fervar  i  facile  Jibi  perfuaderent . 
Fie  adds,  the  fame  Objection  may  be  made  to  M.  Picard's  O  bier  vat  i- 
ons,,  who  does  not  feemto  have  ufed  this  Precaution,  as  M.  Caffimi  him- 
felf  acknowledges,  who  neverthelefs  approves  and  extols  his  Obfervati¬ 
ons  for  their  Accuracy:  So  that  thofe  at  the  ArCtic  Circle  may  be  very 
good,  notwithftanding  the  Want  of  this,  fuppofed  neceflary.  Operation, 
And  indeed,  that  they  were  fo,  ftfficiently  appears  from  this  FaCb." 
The  Difference  of  Latitude  between  Lome  a  and  Mount  Rittis,  found  in> 
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September,  was  obferved  again  in  March  following,  by  the  Help  of  the 
fame  Star  $  Draconis,  and  did  not  differ  from  the  former  above  3 1 ' 
though  the  Inftrument  had  been  twice  carried  from  one  Place  to  the 
other!  This  is  a  Degree  of  Exadnefs  not  eafy  to  be  met  with  ;  no  not 
in  M.  Cajjinih  Obfervations,  made  on  different  Stars,  which  differ 
fometimes  40^,  in  determining  the  Amplitude  of  an  Arc  in  the  Plea- 
vens,  though  their  Inftrument  was  carefully  examined  in  the  Way  above- 

«mentioned.  x  . •  %  ; ; o  tvi.Y; 

The  Author  then  proceeds,  in  his  Turn,  to  inquire  into  the  Accu^ 
racy  and  Certainty  of  the  two  Sets  of  Obfervations  made  in  the  North 
and  South  Parts  of  France ,  in  refpeCt  of  the  Royal  Obfervatory  at  Paris, 

As  to  the  Meafures  of  the  Degrees  in  the  Northern  Parts  of  France , 
between  Paris  and  Dunkirk^  he  owns  they  cannot  be  much  out  ot  the 
Way  i  being  in  fome  Meafure  confirmed  by  M.  Be  la  Hire ,  in  the 
Year  1683,  and  M.  Cajfini  himfelf.  Yet  Mr  Celfius  obferves,  that  the 
Bafis  on  the  Tandy  plain  Shore,  near  Dunkirk ,  when  meafured  again, 
differed  3  Feet  from  the  former  Meafurement ;  which  is  a  much  great¬ 
er  Difference  than  that  Mr  Celfius  and  the  other  Gentlemen  found,  in 
meafuring  a  much  longer  Line  twice  over,  which  was  but  4  Inches. 

x  As  to  the  Aftronomical  Obfervations  taken  by  the  6.  Foot  Sector, 
whofe  Limb  of  120  was  divided  only  at  every  20T;  it  is  true,  M. 
Cajfini  examined  the  Inftrument  feveral  Ways  at  Paris ,  after  his  Re¬ 
turn  thither:  but  that  a  Correction,  owing  to  the  Change  of  Centre, 
might  be  fafely  applied  to  the  Obfervations  at  Dunkirk ,  the  Examen 
of  the  Centre  fhould  alfo  have  been  taken  at  Dunkirk  *,  it  being  uncer¬ 
tain,  whether  this  Alteration  or  Aberration  of  the  Centre  was  caufed  by 

the  Journey  to  or  from  Dunkirk,  \  :*  _  4  < V.  W 

The  Difference  of  41^  between  the  Obfervations  taken  to  fettle  the 
true  Meafure  of  the  Arc  of  the  Heavens,  feems  to  be  enormous.  Per¬ 
haps  the  Stars  were  not  lucid  enough  to  be  well  obferved  by  the  3  Foot 
Tube  *,  but  might  they  not,  for  a  due  Degree  of  Accuracy,  have  been 
viewed  through  the  9  or  10  Foot  Telefcope  ? 

Our  Author  prefers  the  Obfervations  of  1719»  made  after  the  Return 
to  Paris ,  to  thofe  made  before  *,  becaufe  made  at  the  fame  Time  of  the 
Year  with  thofe  of  Dunkirk ,  and  fo  not  (landing  in  Need  of  Mr  Brad¬ 
ley’s  CorreClion  :  Though  this  Caution,  perhaps,  may  be  thought  not 
neceffary  here,  where  the  Errors  of  the  Obfervations  are  greater  than 
the  Correction  itlelf.  Mr  Celfius  remarks  farther,  if  the  Difference  of 
Latitude  between  Dunkirk  and  Paris  be  fuppofed  to  be  20  12 f  12 
which  is  a  Mean  between  4  others  he  mentions,  the  Length  of  a  De¬ 
gree  will  amount  to  but  56,395  Toifes.  And  if  the  Obfervations  at 
Malvoifine  and  Amiens  be  counted,  according  to  Mr  Bradley’s  Theory* 
for  the  Interval  of  a  Month  between  the  Obfervations,  the  Length  of 
a  Degree  will  come  out  to  be  56,926  Toifes  ;>  which  is  135  Toifes  lefs 
than  the  Length  of  a  Degree,  found  by  meafuring  the  whole  Length 
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of  France  ;  and  134  lefs  than  that  of  Mr  Picard*  fo.  highly  approved  of 
by  M.  Caffini ,  as  confirming  his  own. 

2.  Mr  Celjius  having  ftnifhed  his  Remarks  upon  the  Obfervations  The  fame  con- 
made  in  the  North  Part  of  France ,  extending  from  Paris  to  Dunkirk ,  ftid. 

proceeds  to  examine  thofe  taken  in  the  South,  from  Paris  to  Colli  our  e ,  Lb* 

near  the  Borders  of  Spain ,  and  the  Pyrenean  Mountains.  By  the  for¬ 
mer,  a  mean  Degree  was  found  to  con fi ft  of  56,960  Toifes,  by.  the  lat¬ 
ter  57,097  ;  and  confequently  the  Earth  is  an  oblong  Spheroid, 

Mr  Celjius ,  in  examining  thefe  Obfervations,  which  were  taken  un¬ 
der  the  Conduct  and  Dire&ion  of  the  late  M.  Caffini  in  1700,  firfh 
confiders  the  Structure  and  Goodnefs  of  the  Inftruments  ufed  ;  then 
the  Accuracy  of  the  Aftronomical  Obfervations  for  finding  the  Diffe¬ 
rence  of  Latitude  ;  and,  in  the  laft  Place,  the  Trigonometrical  Opera-, 
tions  for  determining  the  Di  fiances  of  Places-,  efpecially  the  two  Ex¬ 
tremes  under  the  fame  Meridian. 

The  principal  Inflrument  M.  Caffini  carried  with  him,  was,  a  Limb 
of  120,  whofe  Radius  was  indeed  10  Foot,  but  divided  only  into  De¬ 
grees  and  Minutes  *,  the  other  Parts  were  added  to  it  at  Perpignan . 

Here  Mr  Celjius  obferves,  that  the  finding  the  true  Centre  of  this  Limb 
was  and  flill  is  a  very  difficult  and  troublefome  Problem  to  a  good  Ar~ 
tiff  ,  that  no  Mention  is  made,  whether  the  Pofition  or  Place  oi  this 
Centre,  and  the  Divifions  of  the  Limb,  were  ever  examined  at  Paris  or 
Collioure ,  though  the  Carriage  of  the  Inflrument  through  fo  long  and 
rough  a  Way,  could  not  but  make  feme  Alteration  in  the  Place  of  the 

Centre» 

It  is  true,  the  Zenith  Diflance  of  Capella ,  taken  by  it  at  Pans ,  was 
confirmed  to  be  right  by  another  Inflrument;  but  it  cannot  be  conclu¬ 
ded,  that  the  Zenith  Diflance  of  the  fame  Star,  taken  at  Collioure  by 
this  Inflrument,  and  not  confirmed  there  by  another  Inflrument,  mu  ft 
be  true  alfo.  For  the  Point  of  Divifion,  anfwering  to  this  Distance  in 
the  Limb,  was  not  examined  ;  and  a  Centre  wrong  placed  may  by  Ac¬ 
cident  give  the  true  Zenith  Diflance,  viz .  when  the  true  and  erroneous 
Centre  happens  to  lie  in  the  fame  Perpendicular  to  the  Horizon.  . 

The  Exceptions  taken  to  the  Aftronomical  Obfervations  foi  finning 
the  Difference  of  Latitude  between  Paris  and  Collioure ,  are,  in  the  in  it 
Place,  That  though  5  Stars  were  oblerved  at  Collioure  and  Paris ,  yet 
1  only  was  made  ufe  of,  viz.  Capella  :  That  the  Difference  of  Latitude 
by  Capella  is  6Q  18'  57 tr :  If  Lucida  Lyra  had  been  ufed,  the  Difference 
would  haVe  been  but  6°  ty1  ;  but  by  the  Right  Snouldei  of  Aunga^ 

6°  igf  25^ :  Hence  arifesthe  Uncertainty  or  Difference  of  2  18  be¬ 
tween  the  greateft  and  lead  of  their  Obfervations:  That  the  late  M, 

Caffini  makes  the  Difference  57^  lefs  than  M.  Caffini^  who  accounts 
for  this  Difference  from  the  Obfervations  being  taken  by  an  ordinary 
Inflrument ;  but  the  Inflrument  is  the  fame  which  was  ufed  to  take  the 
Altitude  of  the  Pole  of  Amiens ,  which  was  very  near  that  found  by  JV*r 
Picard .  A- 
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As  to  the  Trigonometrical  Operations  for  finding  the  Diftance  of 
places,  Mr  Celfius  thinks  they  labour  under  confiderable  Uncertainties ; 
not  only  on  the  Account  of  the  many  Difficulties  they  met  withal,  viz. 
mountainous  Countries,  want  of  proper  Signals,  &c.  fo  that  conveni- 
ent  Triangles  could  not  be  formed  *,  but  add  to  all  thefe,  feveral  of  the 
Triangles  had  but  Two  Angles  obferved,  and  fome  of  thefe  Angles  too 
acute*,  whence,  as  M.  Cajfmi  himfelf  very juftly  obferves,  in  his  Exa¬ 
mination  of  Snellius  and  Riccioli9 s  Obfervations,  great  Errors  may 
arife*  M.  Picard  thinks  all  Angles  lefs  than  20  Degrees  ought  to  be 
avoided  *  as  alfo  that  the  Triangles  fhould  be  contrived  fo  as  to  have 
Sides  of  a  due  Length,  neither  too  great  nor  too  fmall:  Then  follow 
1 6  Triangles,  wherein  one  or  more  of  thefe  Inconveniences  are  to  be 
found. 

It  may  be  faid,  the  Whole  of  thefe  Obfervations  and  Meafures  of  M. 
Cajfini  feem  to  be  Efficiently  confirmed,  if  not  afcertained  ;  fince  thQ 
principal  Bafe  in  Roujfillon  was  found,  when  computed,  to  differ  but 
Three  Toifes  from  the  fame  as  it  was  adtually  meafured ;  and  that,  af¬ 
ter  fome  due  Corrections,  it  was  made  to  agree  with  the  greateft  ExaCt- 
nefs.  Mr  Celfius  replies,  Why  are  we  not  told  what  thofe  Corrections 
were,  that  we  may  fee  whether  they  were  really  neceffary  or  no  ?  Why 
were  they  not  taken  Notice  of  in  the  Calculations  of  each  Triangle? 
Befides,  the  real  Length  of  the  Bafe,  or  the  fundamental  Line,  in 
Roufiillon ,  is  not  fully  afcertained,  it  not  being  meafured  more  than 
once,  whereas  that  at  Dunkirk  and  that  of  M.  Picard  were  meafured 
twice  5  and  there  was  more  Reafon  for  doing  fo  here  than  at  Dunkirk , 
on  account  of  the  uneven  and  almoft  ever  changing  Shore  in  Roujfillon , 
from  the  reftlefs  overflowing  Sea. 

The  great  Number  of  the  Triangles,  joined  with  the  numerous 
fmall  Errors  of  the  Angles,  is  another  Ground  of  Uncertainty  *,  for  the 
Errors  in  the  Angles,  though  fmall,  may  make  the  Diftance  of  the 
Parallels  of  the  2  extreme  Places  greater  than  it  ought  to  be  *,  and  yet 
the  principal  Sides,  that  is,  thofe  that  are  made  Bafes  to  the  following 
Triangles,  continue  the  fame.  This  made  it  neceffary  to  verify  the 
Sides,  at  leaft  at  every  fecond  Degree,  by  meafuring  the  principal  Bafe 
twice  over  with  due  Care  *,  which  might  have  been  done,  and  therefore 
fhould  have  been  done,  in  a  Matter  of  fo  much  Nicety  as  an  Attempt 
to  find  the  Difference  between  Two  Degrees  fo  near  one  another,  under 
the  fame  Meridian. 

To  fhew  what  bad  Confequences  may  arife  from  fmall  Errors  com¬ 
mitted  in  obferving  the  Angles  of  feveral  Triangles,  Mr  Olavus  Hiorter , 
a  curious  and  ingenious  Friend  of  Mr  Celfius ,  has  taken  the  Pains  to 
form  the  Triangles  of  M.  Cajfini  between  Bourges  and  Collioure  *,  fo  that 
the  Diftance  between  their  Parallels  fhall  be  confiderably  Jeffened 
and  yet  the  Bafe  in  Roujfillon ,  found  by  Computation,  fhall  not,  after 
due  Correction,  differ  fenfibly,  if  at  all,  from  the  fame  actually  mea¬ 
fured,  In  conference  of  this,  Mr  Celfius  concludes  with  oblerving. 
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that  the  Diftance  between  the  Royal  Obfervatory  and  the  Perpendicular 
to  the  Meridian  of  Colli  our  e ,  deduced  from  the  Triangles  of  Cajfini , 
corrected  after  Mr  Hiortef  s  Method,  &c.  will  amount  to  but  358,980 
Toifea.  This,  divided  by  the  mean  Difference  of  their  Latitudes,  6° 
1 9r  nfJ  will  give  56,803  Toifes,  for  the  Length  of  a  Degree,  one 
with  another,  between  Paris  and  Collioure ,  which  is  lefs  than  the  Length 
of  a  mean  Degree  found  by  M,  Picardy  and  pretty  near  the  Truth  :  So 
that  the  Degrees  decreafe  as  you  go  towards  the  Equator  *,  and  conse¬ 
quently  the  Earth  is  higher  at  the  Equator  than  at  the  Poles,  as  Sir  7. 
Newton  and  Mr  Huygens  believed. 

The  Di dance  of  the  Parallels  of  Paris  and  Collioure  by  this  Method 
is  indeed  lefs  than  that  computed  by  M.  Cajfini  *,  but  this  cannot  rea- 
fonably  be  complained  of,  fince  thefe  computed  Meafures  of  M.  Cajfini 
feem  very  capable  of  being  leffened  ;  and  it  is  no  more  than  what  M. 
Cajfini  himfelf  hath  done  to  the  Meafures  publiffied  by  his  Father, 
which  he  has  fhortened  by  325k  Toifes.  But  however  that  Matter  be, 
whether  this  particular  Correction  of  M.  Cajfini* s  Diftance,  and,  confe- 
quently,  Length  of  a  mean  Degree,  be  admitted  or  no,  Mr  Celfiusm is 
fully  perfuaded,  upon  the  Whole,  that  he  hath  made  it  plain  to  every 
unprejudiced  Reader,  that  thefe  Two  Sets  of  Obfervations  in  France  are 
not  taken  with  fuch  a  Degree  of  Exadtnefs  as  to  be  depended  upon,  in 
determining  fo  nice  a  Matter,  in  Difpute  for  50  Years,  as  the  true  Fi¬ 
gure  of  the  Earth ;  which  was  the  Thing  propofed  to  be  done  by  them. 

IY.  The  Mention  of  the  French  Endeavours  to  difcoverthe  Figure  of 
the  Earth  by  Obfervation,  puts  me  in  Mind,  That  a  very  exaCt  Obfer- 
vation  for  that  Purpofe  might  be  made  here,  becaufe  Hudfon ’s  River 
here  is  frozen  over  from  New-Tork  up  to  Albany ,  and  it’s  Courfe  is  ve¬ 
ry  ftrait,  almoft  true  North,  and  the  Diftance  between  New-Tork  and 
Albany  is  above  One  hundred  and  Fifty  Miles  *,  New-Tork  is  in  Lati¬ 
tude  of  40°  40 nearly  *,  fo  that  the  Length  of  above  2  Degrees  of  La¬ 
titude  on  the  Earth  might  be  meafured  here,  with  much  more  Exact- 
nefs  than  it  was  poffible  in  England  or  France ,  becaufe  of  the  A  {cents 
and  Defcents,  and  curved  Lines,  which,  I  think,  they  would  continu¬ 
ally  be  obliged  to  make  Allowances  for. 

From  all  which  Difficulties  the  Menfuration  here  on  the  Ice  would 
be  entirely  clear. 

V.  Neceffity,  or  the  Exigencies  of  Geography  and  Navigation,  put 
Mankind  very  early  upon  the  Enterprize  of  mealuring  the  Earth,  r  or 
how  is  it  poffible  to  conftruCl  the  Charts  of  each  Kingdom  or  Empire, 
without  fetting  down  all  the  Places  in  their  true  Diftances,  by  the  Mea¬ 
fures  made  ufe  of  in  each  Country  :  Such  as  were  the  Stadia  of  the  An¬ 
cients,  and  fuch  as  are  our  Miles,  Leagues,  Werfts,  &c.  And  how 
could  different  States  be  compared  with  one  another,  io  as  to  come  at 
the  Knowledge  of  the  Spaces  they  feverally  occupy  on  the  Earth’s  Sur¬ 
face,  without  knowing  the  Number  of  thefe  common  Meafures  contain¬ 
ed  in  a  Degree,  or  in  the  whole  Extent  of  the  Earth  ?  Hence  proceeded 
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end  F.  R,  S.  the  twofold  Method  of  determining  the  Situation  of  the  different  Parts 
Franflated  0f  the  Earth,  either  by  their  mutual  Diftances  fet  down  in  the  Meafures 

blench  printed  made  u&  °f  'm  eac^  Country,  or  expreffed  in  Meafures  common  to  all, 
Js't  Peterf-  as  Degrees,  Minutes,  and  Seconds,  by  marking  the  Longitude  and 
bourgh,  1 737,  Latitude  of  each  Place. 

4i0-  By  *’•  s-  Upon  the  fir  ft  Determination  of  the  Magnitude  of  the  Earth  in  Geo- 

7i  /i  n  n  C’  jy  c— 

i\o  "  *  graphical  Meafures,  as  in  Stadia  and  Arabian  Miles,  the  Ancients  did 
2°i  4]tni  uV.  not  employ  any  great  Degree  of  Exa&itude.  They  were  content  to  fet 
1 7 3 ph  down  the' Circumference  of  the  Earth,  and  of  it’s  Parts,  in  round 

Numbers;  probably,  becaufe  they  did  not  expert  to  be  able  to  attain 
much  Precifenefs  in  a  Refearch  of  this  Nature.  But  according  as  their 
Defires  of  improving  Geography  increafed,  by  entering  into  a  Detail  of 
it,  they  found  it  necelTary  to  have  a  more  exact  Knowledge  of  the  Mag¬ 
nitude  of  each  Degree,  not  only  in  great  Meafures,  as  in  Miles  and 
Leagues,  but  alfo  in  Perches,  Toifes,  and  Feet ;  which  could  not  be 
done  otherwiie  than  by  Geometrical  Operations  and  Aftronomical  Ob- 
fervations,  more  exad,  and  confequently  more  operofe,  than  had  been, 
or  indeed  could  have  been,  undertaken  before. 

I  fhall  not  enter  here  upon  a  Detail  of  the  immenfe  Labours  of  mo¬ 
dern  Mathematicians  on  this  Head,  as  thofe  of  Fernet  in  France ;  of 
Sneliius ,  Blaeu ,  and  Mujfchenbroek  in  H oil an d  ;  Norwood  in  England % 
Father  Riccioli and  lately  Monfignor  Bianchini  in  Italy  %  and  the  Gen¬ 
tlemen  of  the  Academy  of  Sciences  in  France  •,  to  get  only  the  precife 
Magnitude  of  a  Degree  in  the  Meafures  of  their  refpeclive  Countries, 
But  I  will  anfwer  an  Objedlion  which  might  be  raifed  hereon,  viz » 
That  it  was  needlefs  to  undertake  thefe  fame  Operations  in  fo  many  dif¬ 
ferent  Places,  fince  the  Magnitude  of  a  Degree  once  determined  in  the 
Meafures  of  any  one  Country,  may  be  eafily  reduced  to  the  Meafures  of 
any  other,  by  the  exa<ft  Knowledge  we  now  have  of  the  Proportions  of 
modern  Meafures.  Whence  it  might  be  inferred,  that' after  all  the  Ex- 
a£tnefs  which  the  Aftronomers  of  the  Royal  Academy  of  Sciences  of  Paris 
Lave  obtained  by  their  Labours,  in  drawing  their  Meridian  from  one 
Sea  to  the  other,  it  is  unneceffary  to  enter  upon  a  new  Undertaking  of 
the  fame  Thing  any  where  elfe  :  Since,  in  order  to  reap  the  Advantage 
of  that  Work  for  the  Geography  of  each  particular  Country,  nothing 
more  is  requifite  than  exa&ly  to  compare  the  Meafures  of  thofe  Coun¬ 
tries,  with  thofe  made  ufe  of  by  the  French  Aftronomers  in  their  Ope¬ 
rations  and  Calculations. 

Now,  taking  Ruffia  for  the  Example,  the  Geographical  Meafures  of 
which  are  Werfts ,  divided  each  into  500  Sagenes ,  and  each  Sagene  fup- 
pofed  to  be  exa6tly  feven  Feet  Englifh  *,  this  Relation  once  known,  as 
alfo  the  exa<5t  Relation  of  the  Englifh  to  the  French  Foot,  or  to  the 
Toife  of  fix  Feet,  which  the  French  Aftronomers  employed  in  their 
Meafurements,  and  of  which  they  found  a  Degree  of  a  great  Circle  con¬ 
tained  57060  ;  what  more  is  requifite  for  concluding  that  a  Degree  of  a 
great  Circle  contains  104!  Werfts?  And  what  remains  towards  the  Per- 
••  h  ■  fe&ion 
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fedtion  of  the  Geography  of  Ruffia ,  in  the  moft  minute  Detail  that  can 
be  entered  upon,  but  to  employ  this  Meafure  of  fVerfts,  Sagenes,  and 
Englijh  Feet,  (if  you  pleafe)  in  actual  Meafurements  ;  and  to  conftrucfc 
the  Charts  by  the  moft  exadt  Methods  of  Geometry  ;  taking  care  to  fet 
them  down  right,  as  to  their  true  Bearings,  and  to  regulate  them  by 
the  moft  exadt  Aftronomical  Obfervations  of  Longitude  and  Latitude 
that  can  poflibly  be  made. 

It  muft  be  confeffed,  we  Ihould  be  very  happy,  if  in  the  Geography 
ef  Ruffia  we  were  arrived  at  this  Pitch ;  not  only  in  the  general  Map, 
but  likewife  in  that  of  any  particular  Diftridt  whatfoever,  the  neareft 
and  of  moft  Concern  to  us.  But  befides  that  we  are  as  yet  far  from 
pretending  to  this  ,  I  will  now  make  appear  that  it  is  not  poifible  to 
attain  it,  without  undertaking  an  equal  and  even  a  greater  Work  than 
all  that  has  been  hitherto  done  in  France  and  elfewhere,  towards  the 
Meafurement  of  the  Earth.  I  am  myfelf  affrighted  at  the  very  Thought 
of  what  I  propofe,  and  am  under  Apprehenfions  that  it  will  give  the 
fame  Pain  to  thofe  of  the  Company,  who  know,  as  well  as  I,  the  prodi- 
o-ious  Labour  in  which  this  Work  muft  engage  the  Undertakers.  But 
what  is  not  a  Perfon  capable  of  undertaking  for  the  Glory  and  Intereff 
of  her  Imnerial  Majefty,  when  excited  by  the  Benefits  fhe  heaps  on  the 
Academy,  and  by  the  Angular  Protedtion  her  Minifters  grant  to  this 
Body  and  the  Sciences^ therein  cultivated!  Sufficient  IMotives  for  under® 

taking  Matters  of  the  utmoft  Difficulty. 

When  I  faid  above,  that  an.  exadt  Knowledge  of  the  Magnitude  of  a 
Decree  of  the  Earth  in  any  known  Meafures  of  one  Country  was  fuffici- 
ent°for  conftrudting  exadt  Charts  of  all  other  Countries,  only  having  a 
Regard  to  the  different  Proportion  Oi  the  Tvleaiuresa  that  is  to  be  t.n= 
derftood  upon  a  Suppofition  of  the  Earth’s  being  perfedtly  fpherical  r 
Seeing  it  is  well  known,  that  in  a  Sphere  the  Degrees  of  all  the  great 
Circles  are  every  where  equal  y  and  that  we  likewile  know,  in  a  Sphcie, 
the  Proportion  of  the  Degrees  of  the  fmall  Circles  to  their  great  Paral¬ 
lels,  according  to  their  Diftance  from  them.  .  . 

But  if  the  Earth  be  not  perfeftly  fpherical,  the  Cafe  is  quite  altered  r 
All  the  Degrees  of  the  great  Circles  will  not  be  equal  to  one  anothei  y 
and  thofe  of  the  fmall  Circles,  taken  at  a  certain  Distance  Irons  then 
parallel  great  Circles,  will  not  have  the  fame  Relation  that  the  Degrees 
of  the  fmall  Circles,  taken- at  the  fame  Diftance,  would  ^  have  on  .a 
Sphere.,  In.  all  this  there  might  poffibly  arife  an  infinite  Variety,  ac- 
cordino-  to  the  Figure  the  Earth  might  have ;  and  as  it  is  not  yet  cKcioed 
what  is  the  Earth’s  true  Figure,  and  that  there  is  no -better  Method  of 
afeertaini-ng  it  than  by  Obfervations  made  in  fo  great  an  Extent  as  that 
of  Ruffia For  thefe  Reafons  I  have  advanced,  that  the  x  cnettiun  ot 
the  Geography  of  Ruffia  ft ands  in  Need  of  this  great  Undertaking  5 
which,  befides  the  Ufefulnefs  of  it,  will  acquire  much  Honour  to  the 
Academy  of  Petersburgh  ;  if  that  Body  can,  by  Means  ot  tins  W-oik, 
contribute  towards  the  deciding  the  celebrated  Queftion  of  the  Earth's- 
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Figure.  But  before  I  enter  into  a  Detail  of  the  great  Advantages  of 
this  Refearch,  and  the  Nature  of  the  Operations  I  propofe,  it  is  necef- 
fary  to  explain  in  what  Manner  I  mean  that  the  Queftion  of  the  Earth’s 
Figure  and  Magnitude  is  not  yet  decided. 

There  have  been  fome  who  have  long  fince  fufpedted,  and  even 
thought  they  were  furnifhed  with  Proofs  of  the  Earth’s  not  being  ex- 
a£Uy  fpherical.  I  here  entirely  abftradt  from  the  Unevenneffes  of  it’s 
Surface,  which  are  not  fenfible  in  regard  of  the  Earth’s  whole  Bulk ; 
feeing  the  Tops  of  the  highcft  Mountains,  and  thofe  even  few  in  Num¬ 
ber,  are  fcarce  more  than  a  League  above  the  Level  of  the  Seas. 
"Wherefore,  I  fuppofe  the  Earth  to  be  bounded  by  a  Curve  Surface, 
fuch  as  it  would  be  by  the  Level  of  the  Sea  carried  quite  over  all  the 
Earth.  It  is  in  this  Manner,  the  Earth  being  confidered  as  covered 
with  a  Fluid,  that  Sir  Ifaac  Newton ,  in  the  firlt  Edition  of  his  Princi¬ 
pia, ,  publifhed  in  1686,  has  demonftrated,  that  fuppofing  this  Fluid 
homogeneous,  and  the  Earth  to  have  been  at  Reft  at  the  Time  of  it’s 
Creation,  it  muft  have  affumed  the  Figure  of  a  perfedl  Sphere  :  But  af¬ 
terwards,  fuppofing  it  to  have  a  Motion  on  it’s  Axis,  as  is  well  known 
it  has  in  24  Hours;  this  fpherical  Figure  muft  have  been  changed  into 
that  of  a  Spheroid,  flatted  at  it’s  Poles,  in  which  the  Degrees  on  the 
Meridian  muft  be  greater  drawing  near  the  Poles,  than  near  the  Equa¬ 
tor. 

Sir  Ifaac  confirms  this  Hypothefis  of  the  Earth’s  Figure,  by  Obfer* 
vations  of  the  Diminution  of  the  fimple  Pendulum  upon  approaching, 
the  Equator:  To  which  Dr  Pound  adds  the  Analogy  the  Earth  has 
with  fome  of  the  other  Planets,  as  Jupiter ,  which  fometimes  appears 
oval,  it’s  lead  Axis  being  that  about  which  it  makes  it’s  Revolution. 

This  Opinion  of  Sir  Ifaac  has  likewife  been  maintained  by  Mr  Huy - 
gens,  though  with  fome  fmall  Difference.  But  in  1691,  Mr  Eifenfch - 
mid  *  having  compared  the  Meafurements  of  the  Earth  made  in  diffe¬ 
rent  Latitudes,  as  that  of  Father  Riccioli  in  Italy ,  of  M.  Picart  in 
France ,  and  of  Snellius  in  Holland ;  and  having  found  that  the  Degree, 
which  refulted  from  thofe  different  Meafurements,  continued  to  grow 
lefs  in  drawing  nearer  the  Poles,  (which  is  quite  the  contrary  of  what 
follows  from  the  Earth’s  Figure  fuppofed  by  Sir  Ifaac  and  Huygens )  Mr 
Eifenfchmid  was  thereupon  of  Opinion,  that  the  Earth  was  longer  at  the 
Poles. 

This  Opinion  of  Mr  Eifenfchmid  was  afterwards  confirmed  by  the 
late  M.  Caffmi ,  in  the  Obfervations  of  the  Meridian  of  Paris .  For  in 
1701,  having  carried  on  thefe  Operations  to  the  Pyrenaan  Mountains, 
which  is  a  Space  of  above  ylQ,  he  found,  that  as  he  advanced  to  the 
^  South  thefe  inereafed  sho  Part,  or  72  Toifes  each  Degree. 

>  *  Jo.  Cafp.  Eifenfchmidii  Diatribe  de  figura  telluris  Elliptico- Sphasroide  ;  ubi.  una  ex¬ 
hibetur  ejus  magnitudo  per  lingulas  dimenfiones,  confenfu  omnium  Obfervationum  cem- 
probau.  Argentorati,  apud  Job.  Frider,  Spoor,  1691.  4 to.  (pag,  54.  cum  fig.) 
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Since  the  Meridian  of  was,  in  1718,  carried  on  Northward  to 
the  Sea,  M .Caffini,  the  Son,  found,  upon  comparing  more  than  8P, 
which  this  Meridian  contains  from  Sea  to  Sea,  that  the  Increafe,  going 
Northward,  was  but  from  60  to  61  Toifes  each  Degree;  as  may  be 
feen  in  the  large  Treatife  publifhed  in  a  feparate  Volume,  as  a  Sequel  to 
the  Memoirs  of  the';  Royal  Academy  of  Sciences  of  Paris  for  the  Year 
1718.  Thefe  Reafons  did  not  hinder  Sir  Ifaac  from  perfifting  in  his 
firft  Opinion  of  the  Figure  of  the  Earth  flatted  at  the  Poles,  as  appears 
in  the  2d  and  3d  Editions  of  his  Principia ,  publifhed  in  1713  and 
1726  :  And  it  is  very  furprizing,  that  by  this  very  Figure  of  the  Earth 
he  demonfl: rates  a  certain  Motion  it  has,  to  explain  in  the  Copernican 
Syftem  the  Preceflion  of  the  Equinoxes,  or  the  apparent  Motion  of  the 
fixt  Stars  in  Longitude,  Sir  Ifaac  finds  the  Inequality  of  the  Degrees 
on  the  Meridian,  in  fo  little  an  Extent  as  that  of  France ,  not  fenfible 
enough  to  be  poffibly  determined  by  immediate  Obfervations ;  and  he 
is  of  Opinion,  that  we  ought  more  to  rely  on  the  Obfervations  of  the 
Ample  Pendulum,  and  on  the  other  Principles  which  he  has  built  upon, 
to  conclude  the  Earth  flatted  at  the  Poles. 

In  1720,  M.  Mairan  attempted  to  reconcile  the  two  different  Hypo- 
thefes  of  Sir  Ifaac  and  M.  Caffini ,  by  imagining  that  the  Earth,  at  ids 
Creation,  being  without  Motion,  was  of  a  much  more  oblong  Figure 
than  that  which  Caffini  thinks  it  has  at  prefent;  fo  that  it  might  have 
been  reduced  to  that  which  it  now  has,  by  the  diurnal  Motion  on  it’s 
Axis,  (Ac.  But  Dr  Defaguliers ,  who  is  of  Sir  Ifaac9 s  Opinion,  has 
made  appear,  that  M.  Mairan9 s  Suppofition  is  contrary  to  the  Laws  of 
Motion  ;  and  has  moreover  propofed  feveral  confiderable  Doubts  on  the 
Obfervations  and  Suppofitions  employed  by  M.  Caffini  in  his  Determi¬ 
nation  of  the  Earth’s  Figure  in  17.18%  . 

As  foon  as  the  Meridian  of  Paris  had  been  extended  from  one  Sea 
to  the  other,  and  M.  Caffini  had  thence  deduced  a  Confirmation  of  the 
Syftem  of  the  Earth’s  being  longer  at  the  Poles  ;  I  imagined  a  new 
Method  of  deciding  the  Queftion,  by  the  Observation  of  the  Degrees  ot 

the  Parallel  compared  with  thofe  of  the  Meridian. 

For  that  Purpofe  I  confidered,  that  as  the  Degrees  of  the  Meridian 
and  thofe  of  the  Parallel,  at  the  fame  Elevation  of  the  Pole,  had  diffe¬ 
rent  Relations,  according  to  the  different  Figures  afcribed  to  the  Eaith  ; 
nothing  more  was  requifite  for  concluding  which  Hypothefis  was  t  e 
true  one,  than  to  determine  this  Relation  by  immediate  Obfervation, 

Having  fuppofed,  that  there  had  been  obferved  on  the  Parallel  ot 
Paris ,  a  Space  nearly  of  the  fame  Magnitude  with  that  on  the  Mcridi, 
an,  that  is,  of  about  13  Degrees,  fince  that  on  the  Meridian  «  about 
84  °  .  I  found  by  an  ex a<$  Calculation,  that  according  to  the  Figure 
which  M.  Caffini  has  given  to  the  Earth,  this  Space  ought  to  contain 
1 9i  /  of  the  Parallel  more  than  in  the  Hypothefis  of  the  Earth  s  Deing 

fpherical  ;  which  appeared  to  me  confiderable  enough  to  be  able  to  de¬ 
cide  between  thefe  two  Hypothecs,  and  by  a  ftronger  Reafon  between 

I.  i 
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the  Hypothecs  of  Newton  and  Cajfmi  \  feeing  the  Difference' ought  to 
be  (till  more  confiderable  than  that  now  fpecified. 

I  concluded,  at  leaft,  that,  independent  of  the  Figure  of  the  whole 
Earth,  which  could  not  be  determined  by  the  foie  -Observations  made 
in  France ,  without  making  Suppositions,  and  admitting  Principles, 
which  are  (till  liable  to  be  conceded  j  it  would  be  of  great  Conference 
towards  conffredting  exadt  Charts  of  the  Kingdom,  to  afcertain  this 
Relation  by  Obfervations,  which  confided  only  in  forming  Triangles 
along  the  Parallel  of  Paris ,  and  obferving  at  the  two  Ends  the  Diffe¬ 
rence  of  the  Meridians,  by  the  mod  exadt  Methods. 

The  Difference,  which  I  have  now  mentioned,  feemed  to  me  to  be 
fo  confiderable,  that  I  was  in  hopes  of  being  able  to  determine  it  by 
Means  only  of  two  Places  within  Sight  of  one  another,  and  fftuated  to 
the  Eaft  and  Wed  *,  provided  their  Difference  of  Longitude  were  accu¬ 
rately  obferved,  independently  of  Adronomical  Obfervations,  by  Means 
of  lighted  Fires  *  after  the  Manner  that  M.  Picart  put  in  Pradtice  in 
Denmark ,  for  determining  the  Difference  of  Longitude  of  the  Aftrono- 
mical  Tower  at  Copenhagen ,  and  of  Uranihurg  in  the  IQe  of  Huen . 
With  this  intent,  in  April  1720,  I  went  fome  Didance  from  Paris 
Southward,  to  the  Places  which  I  judged  mod  proper  for  my  Purpofe ; 
but  my  Defign  was  not  then  executed,  for  Want  of  Affidance,  and 
for  other  Reafons,  which  I  fhall  pafs  in  Silence. 

Since  that  Time,  i  faw  with  Pleafure,  that  the  Marquis  Poleni  had 
hit  upon  the  fame  Thought  with  me  *,  as  may  be  feen  in  his  Letter  to 

the  Abbot  Grandi ,  dated  Nov.  1724. 

The  Decifion  of  this  famous  Quedion  of  the  Earth’s  Figure  had 
dopped  there,  when  in  the  Year  1 733,  the  Minider  of  France  having 
thought  it  nfeceffary  to  condrudt  an  exadt  Map  of  the  whole  Kingdom  * 
and  being  informed,  that;  the  Work  could  not  be  better  carried  on 
than  by  the  Adronomers  of  the  Royal  Academy  of  Sciences ,  applied  to 
M.  Cajfmi  on  that  Head  ;  who  was  of  Opinion,  that,. in  order  to  execute 
it  with  the  utmod  Exadtitude,  the  fame  Method  ought  to  be  employed 
as  for  the  Meridian,  by  taking  through  the  whole  Extent  of  the  King¬ 
dom,  Triangles  linked  together  by  Means  of  Objedls  feen  fuccefiively 
one  from  another,  CM  This  Projedt  of  making  a  Map  of  France  by 
fuch  Triangles,  had  been  already  offered  to  M.  Colbert  by  M.  Picart  in 
1681,  but  was  not  then  executed.  However,  M.  Cajfmi  propofed, 
that  thefe  Triangles  fhould  be  begun  in  a  Diredtion  perpendicular  to 
the  Meridian ;  in  order  to  render  thefe  Operations  of  Service  towards 
the  Decifion  of  the  Earth’s  Figure,  purfuant  to  the  Method  which  I 
fpoke  of  above  :  And  M.  Cajfmi ,  -having  in  Perfon  undertaken  thefe 
Operations,  and  having  carried  them  that  fame  Year,  1733’  frorn  Fa¬ 
ris  to  St  Malo ,  whofe  Longitude  from  Paris  M.  Picart  had  obierved 
in  1681  *,  the  Relations  of  the  Degrees  on  the  Meridian  and  Parallel 
were  found  to  be  fuch  as  were  required  in  the  Hypothefis  of  the  Earth 

lengthened  at  the  Poles,  and  even  more  lengthened  than  Cajfmi  had 

determined 
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determined  in  1718.  For  indead  of  the  Diminution  of  A  Part  for  each 
Degree  of  the  Parallel,  which  I  had  found  according  to  the  Earth’s 
Figure,  as  determined  b y  Caffini  in  1718,  he  deduced  from  his  Opera¬ 
tions  in  1733,  a  Diminution  of  the  3  6th  Part  of  each  Degree. 

True  it  is,  that  M.  Cajfini,  in  the  Account  he  gave  of  this  Deter* 
mination  at  the  publick  Meeting  of  Nov.  14,  1733,,  does  nor  &*lve  itas 
entirely  fure  ;  becaufe  the  Longitude  of  67  Malo ,  with  regard  to  Paris 
was  coliedted  but  from  one  Obfervation  only  o  Jupiter’s  fir  it  Satellite, 
wherein  there  may  poffibly  be  fome  Error :  But  at  lead  M.  Caffini  feems 
certain,  that  there  is  a  very  confiderable  Diminution  in  the  Degrees  of 
the  Parallel  of  Paris ,  which  confirms  his  Opinion  of  the  Earth’s  being 
longed  at  the  Poles,  This  we  are  likely  to  have  a  better  Certitude  of 
hereafter,  feeing  we  are  informed  that  this  Meafurement  pf  the  Parallel 
of  Paris ,  is  carrying  on  in  France  by  M.  Crjfini*  s  Sons,  M.  Mar  aids*  s 
Nephew,  and  feveral  other  young  Mathematicians,  inftrudted  by 
M.  Caffini  in  this  fort  of  Work. 

I  have  already  faid,  that  all  thefe  Operations  performed  m  France,  for 
the  Figure  and  Magnitude  of  the  Earth,  couid  not  ferve  to  determine 
the  Earth’s  Figure  out  of  France ,  without  the  A  hi  da  nee  of  certain  Hy- 
pothefes  *,  unlefs  the  lame  thing  were  undertaken  and  carried  on  in  the 
ocher  Regions  of  the  Earth,  more  Northern  and  Southern  than  France. 
’Tis  upon  this  Confederation,  that  the  Royal  Academy  of  Sciences  took  up 
the  Refolution  of  fending  ibme  Aftronomers  to  make  the  like  Observa¬ 
tions  as  near  the  Equator  and  the  Poles  as  poffible.  Which  are  the  Places 
where  the  difference  of  the  Degrees  on  the  Meridian  ought  to  be  tbtr 
greated,  according  to  the  different  Hypothefes. 

In  April  1735,  let  out  from  France  3  Mathematicians  and  Adronomers 
of  the  Academy,  viz .  Meffieurs  Godin ,  Bougher ,  and  De  la  Condamine , 
for  the  Province  of  Quito,  which  is  the  mod  Northern  part  of  Peru  in 
America  \  in  order  to  obferve,  jud  under  the  Equi nodial  Line,  the 
Magnitude  of  fome  Degres  of  the  Meridian  and  Equator. 

As  to  the  other  Mathematicians  and  Adronomers  of  the  fame  Acade¬ 
my,  viz.  Meffieurs  Maupertuis ,  Camus ,  Clair aut  the  Son,  and  Monnicr 

the  Son,  who  have  been  fent  to  the  North,  they  departed  from  France 
in  April  1736,  with  Mr  C elfins  Profeffor  of  Adronomy  at  Upfal ,  who 
accompanied  them  to  Sweden ,  as  far  as  the  Bottom  of  the  Gulph  of 
Bothnia ,  where  they  might  meaiure  about  a  Degree  on  the  Meridian  at 
it’s  eroding  the  Polar  Circle.  But  as,  by  the  lad  News  1  received  from 
them,  they  had  not  finifhed  their  Operations,  ’tis  not  yet  known  whe¬ 
ther  the  Magnitude  of  the  Degree  meafured  by  them,  favours  the  Opinion 
of  M.  Caffini y  or  that  of  Sir  L  Newton ,  All  we  know  is,  that  they  have 
found  the  length  of  the  fimple  Pendulum  favourable  to  the  latter,  that  is, 
longer  under  the  Polar  Circle  than  farther  South,  My  Brother  JDe  ui 
Croyere,  had  already  found  the  fame  Thing  :  For  being  at  Archangel  in 
1728,  he  there  obferved,  in  the  mod  exad  Manner  he  poffibly  could, 
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the  Length  of  the  Ample  Pendulum,  which  he  found  to  be  Parts  ofa 
Line  longer  than  at  Paris . 

We  are  iikewife  informed  by  the  other  Aftronomers  gone  to  Peru, 
that  in  their  Way  towards  the  Equator,  being  at  St  Domingo ,  in  the 
Latitude  oi  18^  37 k  they  there  found  the  Pendulum  fwinging  Seconds, 
to  be  about  two  Lines  [horter  than  at  Paris,  Thus,  all  we  as  yet  know 
from  thofe  Gentlemen,  on  the  Expeditions  to  the  North  and  the  Line, 
confirms  the  Opinion  of  Sir  I  Newton  and  his  Adheientsi  And  yet 
M,  Mairan ,  whom  I  have  already  mentioned,  pretends,  that  this 
fhortening  of  the  Pendulum  in  drawing  nearer  the  Equator,  is  in  one 
Senfe  entirely  independent  of  the  Earth’s  Figure. 

Thus  it  appears  from  the  foregoing  Account,  that  the  Queftion  con¬ 
cerning  the  Earth’s-  F  igure  is  not  yet  at  an  end.  Nay,  ’tis  not  impoflible, 
that  after  finifhing  all  the  Obfervations  which  are  actually  making,  new 
Difficulties  may  arife,  and  new  Objections  be  darted,  that  may  prevent 
it’s  being  entirely  decided.  However,  all  this  Work  cannot  fail  giving 
great  Light  to  this  important  Queftion,  and  procuring  confiderable  Ad¬ 
vantages  to  Geography,  Aftronomy,  and  Natural  Philofophy. 

’Tis  with  this  View,  and  particularly  to  render  fuch  important  Service 
to  the  Geography  of  Ruffia ,  that  I  think  it  neceffary  to  undertake  a  Work 
of  that  Nature  in  Ruffia  ;  towards  executing  which  we  have  great  Advan¬ 
tages,  which  the  other  Nations  have  not.  One  of  the  principal  of  thefe 
Advantages  is  the  great  Extent  of  Ruffia  every  way.  For  were  the 
Meridian  of  the  Imperial  Obfervatory  of  Petersburg  to  be  determined, 
it  might  be  carried  to  between  22  and  23  Degrees;  which  is  a  fourth 
Part  of  the  Diftance  from  the  Pole  to  the  Equator.  The  Meridians  of 
Mofco  and  Aftracan  are  not  of  lefs  Extent ;  and  confequently  we  might, 
by  the  Meaiurement  of  fome  one  of  thefe  Meridians,  determine  more 
exaCtly  than  could  have  hitherto  been  done,  the  Inequality  that  fubfifts 
between  the  Degrees  of  the  Meridian. 

This  is  what  the  great  Caffini  wifhed,  when,  after  having,  in  1701, 
determined  this  Inequality  by  the  Extent  of  y°  obferved  in  Prance ,  as  has 
been  mentioned  above,  he  fays,  that  this  Fad  might  be  verified  by  Men- 
iurations  of  greater  Extent,  if  the  other  Princes  of  the  Earth  did  contri¬ 
bute  as  much  as  the  King  of  France  towards  the  perfecting  of  Sciences. 

M.  Caffini  was  then  ignorant  of  the  Views  which  Peter  the  Great  had 
for  pied  in  the  Eftablifhment  of  the  Academy  of  Sciences  at  Petersburg  *, 
nor  could  he  then  forefee  that  her  prefent  Imperial  Majefty,-  was  deftined 
not  only  to  purfue  the  Defigns  projected  by  that  great  Monarch,  butalfo 
to  ripen  them  to  Perfection,  by  granting  fuch  Succours  and  AffiJIances- 
for  the  Promotion  of  Science,  as  were  never  yet  afforded  from  any  of  the 
greateft  Princes  of  the  Earth. 

In  the  great  Extent  which  might  be  given  to  the  Meridian  of  Peter f 
burg,  as  abovefaid,  there  would  be  the  Advantage  of  knowing,  by 
Operations  linked  together,  or  uninterrupted,  the  Magnitude  of  fome 
Degrees  equal  to  thofe  which  have  been  meaiured  in  France ,  and  to  that 
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which  the  French  Aftronomers  have  meafured  in  Sweden  $  and  not  only 
all  the  Degrees  between  the  two,  which  the  French  Aftronomers  have 
not  had  in  their  Power  to  obferve,  but  alfo  fome  Degrees  farther  North» 
ward  than  that  meafured  by  them  in  Sweden . 

As  the  Exigencies  of  Geography  require  the  Triangles,  taken  for  the 
Determination  of  the  Meridian,  to  be  continued  on  every  Side,  and 
principally  in  Directions  perpendicular  to  the  Meridian,  or  according  to 
the  Parallels  *,  with  how  great  Exactitude  may  we  not  then  determine 
the  Proportion  of  the  Degrees  on  the  Parallels  to  thofe  on  the.  Meridian, 
by  means  of  the  vaft  Extent  of  the  Ruffian  Empire,  which  on  it’s 
Weilern  Side  extending  as  far  as  all  the  Dominions  of  Europe  from  the 
mold  Northern  to  the  moft  Southern,  has  no  other  Bounds  to  the  Eaft 
than  the  Eaft  itfelf,  if  I  may  be  indulged  the  Expreffion  ;  feeing  it’s 
Extent  that  Way  contains  near  half  the  Earth  ? 

Another  great  Advantage  to  be  obtained  by  the  Work  1  now  pro- 
pofe  to  be  made  in  Ruffia ,  is,  That  we,  coming  after  others,  fhall  reap 
the  Benefit  of  all  their  Knowledge  and  Experience  in  the  like  kind  of 
Measurements:  Whence  we  may  expedito  fucceed  and  execute  it  better 
than  could  have  been  done  elfewhere,  by  applying  timely  Remedies 

againft  the  Difficulties  that  occurred  in  other  Place's. 

Thefe  Operations  are  to  be  founded  on  a  Bails  of  the  greateft  Lengtn 
poftible  ;  which  muft  be  actually  meafured,  and  with  the  greateft  Ex- 
adtnefs  that  may  be ;  as  it  is  to  ferve  for  a  Foundation  to  the  Meafure- 
ment  of  all  the  Triangles.  And  in  this  Point  too  we  have  a  veiy  gmac 
Conveniency  near  Petersbourg,  feeing  on  the  Ice  here  we  may  mealure 
out  a  Bafis,  greater  than  has  been  hitherto  taken,  namely,  from  the. 
Coaft  of  Ingrui  about  Peterhoff, ,  to  the  Coaft  of  Finland  toward  Syfter- 
beck.  There  is  not  lefs  than  20  Werfts  Diftance  between  theie  two  Ex¬ 
tremities,  and  this  great  Diftance  may  be  meafured  veiy  exadtly  ,•  this 
Year  efpecially,  that  the  Ice  is  very  even.  Moreover,  as  this  Bails  is 
fituated  between  the  Ifle  of  Cronftad  and  Petersbourg ,  in  a  Direction 
nearly  perpendicular  to  the  Diftance  from  Petersbourg  to  Cronflad  ^  there 
can  be  no  better  Method  for  inferring  thence,  by  exadfc  Oblervation  of 
the  Angles  taken  at  the  Extremities  of  this  Bafis,  the  Diftance  from  the 
Centre 'of  the  Imperial  Obfervatory  to  the  Steeple  of  the  new  Church  of 
Cronffad *,  which  two  Objects  are  feen  reciprocally  from  each  ocher,  and 
are  not  lefs  than  30  Werfts  afunder :  And  this  Diftance  once  known 
exadtly  will  ferve  as  a  Foundation  for  all  the  Triangles  that  are  to  be 
taken  V  of  which  each  of  the  Sides  may  have  not  lefs  than  from  30  to  40 
Werfts,  according  as  we  fhall  find  Ohjeds  advantagepufly Moated  tor 


Yn  taking  Obfervations  at  thefe  three  Places,  vve  flialHee  if  we  c‘i" 
difeover  others  of  the  fame  advantageous  Situat.on  > 
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remarkable  Obje6ls  are  found  of  the  Situation  and  Diftance  fought  for, 
they  muft  be  ere&ed  on  purpofe,  in  the  fame  manner  as  was  of  neceffity 
done  in  other  Countries  :  And  this  may  be  done  here  with  more  Eafe, 
feeing,  in  Places  where  the  Woods  intercept  our  Sight,  fmall  Towers 
may  be  raifed,  at  very  littie  Expence,  out  of  thefe  fame  Woods,  with 
Signals  placed  on  them,-  which  may  be  feen  as  far  as  may  be  required.  In 
open  Places,  where  confequently  Wood  is  not  fo  common,  Signals  alone, 
without  Towers,  will  fuffice. 

The  molt  neceftfary  Inflruments  for  executing  this  undertaking,  are, 
befides  the  ordinary  Agronomical  Inflruments,  a  common  Quadrant  of 
between  2  and  3  Feet  Radius ,  for  obferving  the  Angles^of  the  Triangles 
that  fhall  be  taken  ;  and  a  Portion  of  a  Circle  of  the  greatefl  Radius  that 
can  be  conveniently  had,  for  obferving  the  Arches  of  the  Heavens  cor» 
refponding  with  the  Diftances  meafured  on  the  Earth. 

I  fay,  the  Quadrant  ought  not  to  have  a  Radius  of  more  than  between 
2  and  3  Feet :  For  if  it  be  bigger,  it  cannot  for  the  mod  part  be  made  ufe 
of  in  Steeples  and  other  Places  of  confiderable  Height,  where  ’tis  requifite 
to  obfe-rve  *,  but  al'fo  if  it  be  lefs  than  2  Feet,  it  will  not  give  the  Value  of 
the  Angles  with  fufficient  ExaCtnefs. 

As  to  the  other  Inftrument  for  obferving  the  Arches  of  the  Heavens, 
it’s  Radius  ought  not  to  be  lefs  than  from  12  to  15  Feet :  but  ’tis  not 
neceftfary  that  it  fhould  contain  a  large  Portion  ofa  Circle.  ’Tis  only 
requifite  to  have  this  Portion  fomewhat  larger  than  the  Arch  of  the 
Pleavens  intended  to  be  meafured.  Thus,  as  the  Meridians,  which 
may  be  traced  in  Ruffia ,  can  be  extended  but  between  220  and  23°,  as 
already  mentioned,  it  will  fuffice,  that  the  Inftrtiment  employed  therein 
be  a  Portion  of  a  Circle  of  30°. 

M.  Picart ,  for  his  firft  Operation,  got  an  Arch  of  a  Circle  made  of 
18°  and  of  10  Foot  Radius,  with  which  he  thought  himfelf  fure  within 
2,;or  3;/ :  And  no  other  Inftrument  was  made  ufe  of  in  the  chief 
Obfervations  for  the  Meridian  of  Paris .  The  Aflronomers  who  are  gone 
to  America ,  carried  with  them  an  Inftrument  of  12  Feet  Radius,  and  of 
a  Portion  of  a  Circle  of  30°.  Rut  thole  come  to  Sweden ,  contented 
themfelves  with  a  Portion  of  a  Circle  of  5  i°,  and  9  Feet  Radius  :  But 
this  Inftrument,  made  by  Mr  George  Graham ,  a  very  able  Englijh  Me~ 
ehanician,  is  by  it’s  Conftru&ion  fo  exa6l,  that  the  Aftronomers’ who 
have  uled  it,  think  themfelves  fure  to  2ff.  The  one  we  want  for  the 
Obfervations  in  Rujfm  ought  to  be  made  by  the  fame  Artift,  and  of  the 
fame  Conftruclion. 

?Tis  with  fuch  an  Inftrument  that  Mr  Bradley, ,  a  celebrated  EngUfir 
Aftronomer,  has  difcovered,  in  the  Meridian  Altitudes  of  fome  fixt 
Stars,  certain  conflant  and  annual  Variations,  which  do  not  proceed 
either  from  the  Variation  of  the  Refractions,  or  from  the  Parallax,  of 
ihefe  Stars,  or,  in  fine,  from  any  Nutation  or  Wavering  of  the  Earth’s, 
Axis,,  but  which  he  accounts,  for  by  the  fucceffive  Motion  of  Light. 

'Whatever. 
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Whatever  be  the  Caufe  of  thefe  Variations,  (which  Caufe,  as  well  as 
it’s  Effedft,  are  not  as  yet,  perhaps,  entirely  cleared  up),  as  they  may 
polTibly  happen  in  the  Space  of  Time  requifite  to  be  fpent  in  making  the 
Obfervations  for  the  Meridian,  or  in  paffing  from  one  End  of  the  Me¬ 
ridian  to  the  other;  it  is  neceflary,  with  the  fame  Inftrument,  or  fuch 
another,  that  is  of  pretty  near  the  fame  Exa&nefs,  to  examine  the  Varia¬ 
tions  of  the  Stars  made  ufe  of:  Wherefore  it  would  be  of  confiderable 
Advantage,  not  only  for  the  Obfervations  of  the  Meafurement  of  the 
Earth,  butalfo  for  all  the  other  principal  Refearches  in  Aftronomy,  to 
have  Orders  given  for  procuring  two  mural  Quadrants  of  Mr  Graham' s 
Make,  and  of  the  fame  Conftrudtion,  as  I  have  already  fpecified  ;  for 
which  there  are  Walls  already  raifed  at  the  Imperial  Obfervatory,  in  the 
Plane  of  the  Meridian. 

With  thefe  two  Quadrants,  which  might  be  of  7  Feet  Radius,  and 
the  moveable  Teiefcope  9  or  10  Feet  long,  wefhould  be  in  a  Condition 
to  make  Obfervations  of  the  utmoft  Accuracy,  fuch  as  the  prefent  State 
of  Altronomy  requires. 

Befrdes  thefe  Inftruments  now  mentioned,  which  are  of  abfolute  Ne- 
ceftity  to  a  folid  Eftablifhment  of  Aftronomy  and  Geography  in  this. 
Country,  there  are  ftill  feme  other  fmaller  Inftruments,  that  may  be  of 
great  Ufe  in  the  Operations  I  propofe,  or  may  ferve  to  make  other  curious 
and  ufeful  Obfervations  at  the  fame  time  that  thofe  for  the  Meafurement 
of  the  Earth  are  making. 

When  the  Sides  of  the  Triangles,  taken  for  meafuring  the  Earth, 
terminate  at  very  elevated  Places,  as  on  the  Tops  of  the  higheft  Moun¬ 
tains,  it  is  neceftary  to  reduce  thefe  Triangles  to  what  they  would  be,  had. 
they  been  obferved  in  horizontal  Plains  fituated  upon  a  Level  with  the  Sea. 
For  this  Purpofe,  we  muft  know  the  Height  of  the  Mountains  above  the 
Sea’s  Level,  which  cannot  always  be  determined  geometrically,  or  would, 
at  leaft  be  too  tedious  to  perform  :  Wherefore,  in  the  Meridian  of  Paris ,, 
which  crofted  very  high  Mountains,  M.  Ccjftni  was  of  Opinion,  that  he. 
ought  to  fix  their  Htight  by  a  fhorter  Method,  which  is  that  of  the 
Height  of  the  fimple  Barometer,  obferved  on  the  Top  of  each  Mountain,, 
and  compared  with  that  obferved  ..at  the  fame  Time  in  another  Place,, 
whofe  Elevation  above  the  Sea’s  Level  was  known.  But  as  that  Method 
fuppofes  the  Knowledge  of  the  Proportion  which  the  different  Fallings  of 
the  Mercury  keep  with  the  different  Heights  to  which  the  Barometer  ia> 
carried  ;  and  as  Natural  Philofop.hers  are  not  as  yet  entirely  agreed  on. 
this  Head,  for  want  of  Obfervations  of  fufficient  Accuracy  :  Tf  nence  it. 
happened,  that  Dr  Defaguliers,  making  appear  that  M.  CaJJini  has  not. 
employed  the  moft  exa<ft  Proportion,  found  Reafons  for  corre&ing,  or 
at  leaft  for  doubting,  of  fame  of  M.  Cajfmi9 s  Calculations.  T.  hus  it, 
muft  be  by  the  Aftiftanceof  new  Experiments,  better  circumftanced  than 
thofe  hitherto  made,  and  pnrfuant  to  a  Theory  entirely  agreeing  with* 
thefe  Experiments,  that  this  Method  may  be  employed  with  Certainty,. 

for  determining  the  Height  of  Mountains  by  the  Barometer,  and  reoucing^, 

the. 
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the  Angles  obferved  from  the  Tops  of  thefe  high  Places,  to  what  they 
would  be,  if  they  had  been  obferved  on  a  Plane  horizontal  with  the  Level 
of  the  Sea,  Now  thefe  new  Obfervations  can  be  made  on  our  Way  in 
tracing  the  Meridian  *,  and  for  that  Purpofe  I  have  begun  to  conftrud 
compound  Barometers,  which,  by  their  peculiar  Make,  being  very  nice, 
will  ferve  to  obferve  with  Accuracy  the  Quantity  of  the  Mercury’s  Fall, 
at  the  different  Elevations  to  which  they  fhall  be  carried,  in  order  to  fix 
with  greater  Certainty  the  Proportion  of  that  Fall.  I  fhall  take  particu¬ 
lar  Care  in  the  Conftrudion  and  Ufe  of  thefe  Inftruments  to  provide  a 
Remedy  againft  the  Effed  of  Heat,  which,  as  it  is  different  in  the 
different  Times  and  Places  of  making  thefe  Experiments,  may  poffibly 
produce  apparent  Variations,  of  which  ’tis  neceffary  to  keep  an 
Account. 

There  is  (till  another  Method  of  determining  the  Elevation  above  the 
Level  of  the  Sea  of  all  the  Points,  in  which  the  Triangles  terminate, 
that  are  made  for  the  Meafurement  of  the  Earth,  This  may  be  done  by 
beginning  thefe  Operations  near  the  Sea,  as  I  propofejo  do,  and  adually 
meafuring  how  many  Toifes  and  Feet  the  Places  of  the  firft  Stations  are 
elevated  above  the  Level  of  the  Sea.  For  if  the  Angles  of  the  apparent 
Elevations  of  the  fecond  Stations  feen  from  the  firft  be  afterwards  obfer¬ 
ved,  it  will  be  an  eafy  Matter,  from  the  known  Diftances,  to  deduce  the 
true  Elevations  of  the  latter  above  the  former,  and  confequently  above 
the  Sea’s  Level,  making  proper  Allowances  in  the  Calculations  for  the 
Difference  of  the  apparent  Level  from  the  true  one.  In  this  Method 
nothing  is  to  be  apprehended  but  the  Variation  of  Refradions  *,  but  for 
this  a  Remedy  may  be  found,  for  the  moft  part,  by  returning  upon 
one’s  Steps,  that  is,  by  reciprocally  obferving  the  firft  Stations  feen 
from  the  fecond  :  For  if  it  be  found,  that  as  much  as  the  fecond  Station 
appears  elevated  above  the  firft,  fo  much  the  firft  is  depreffed  below  the 
fecond,  except  the  fmall  Difference  which  muft  arife  according  to  the 
given  Diftance,  it  will  be  a  Proof,  that  the  Refradion  has  been  of  no 
Prejudice. 

The  Obfervations  and  Determinations  of  the  true  Heights  of  all  the 
Places  which  are  to  be  vifited,  will  not  be  the  lead  laborious  of  thofe  that 
are  to  be  made  in  thefe  Journies ;  but  then  their  Ufefulnefs  will  be  a 
juffident  Recompenfe  for  the  Trouble  j  feeing  they  will  afford  us  the 
Means  of  knowing  all  the  chief  Unevenneffes  of  the  Ground  traverfed  by 
thefe  great  Triangles,  which  being  compared  with  the  Length  of  the 
■Courfe  of  the  Rivers,  may  give  us  room  to  judge  of  their  Rapidity,  of 
the  Eafe  or  Difficulty  of  their  Communications,  &c* 

The  other  confiderable  Obfervations  and  Experiments  to  be  made  in 
the  Journies  undertaken  for  fuch  Enquiries,  are,  the  Obfervations  of  the 
Magnetic  Needle,  both  as  to  it’s  Dip  and  Variation  :  But  chiefly  the 
Obfervations  of  the  Length  of  the  Ample  Pendulum,  which,  at  prefent, 
is  become  requifite  to  be  obferved  with  as  much  Exadnefs,  and  in  as 
many  Places  as  is  poffible  *  but  alfo  for  which  there  are  new  Methods 

invented 
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invented,  that  we  are  promifed  the  Communication  of,  and  which  pro¬ 
bably  furpafs  thofe  hitherto  made  ufe  of ;  in  as  much  as,  fince  thofe  Me¬ 
thods  have  been  found  by  the  Royal  Academy  of  Sciences  of  Paris ,  it  was 
thought  proper  to  notify  them  to  the  Aftronomers  fent  to  Peru ,  in  order 
to  put  them  in  Pra&ice  in  their  Obfervations. 

Whereas  all  thefe  Operations  and  Obfervations,  which  I  have  here  propos¬ 
ed,  however  arduous  and  difficult  they  may  prove,  have  no  other  End  than 
the  Benefit  of  Geography  ;  thofe  who  are  to  have  the  Management  of 
this  Enterprize  mud  be  attended  by  Several  Surveyors  and  other  Mathe¬ 
maticians  of  this  Nation,  who  are  to  beinftru&ed  on  the  Road,  and  em¬ 
ployed  at  the  fame  Time  in  leffer  Operations  with  Smaller  Inftruments : 

By  which  Means  the  Maps  of  the  Countries,  taken  in  by  thefe  great  Tri¬ 
angles,  may  be  verified  ;  and  thus,  according  as  this  Work  advances, 
the  fin iffiing  Stroke  may  be  given  to  the  Charts  of  Raffia . 

VI.  Since  my  lad,  I  undertook  to  meafure  the  Bafis  Spoken  of;  and  Tfo  &aUal 
had  the  good  Fortune  to  meafure  very  exadlly  on  the  Ice,  by  taking  the  Menjkrationr 
precife  Didance  between  her  Imperial  Majedy’s  Cadle  at  Peter  ho and 

the  Cadle  of  Doubkf  Situated  oppofite  to  it,  on  the  Coad  of  Finland.  I  preceding* Ar- * 
found  the  Didance  between  the  oppofite  Walls  of  thefe  Caftles  to  be  tick,  by  M.  de 
74,250  Feet  Englifh.  This  Bafis,  being  much  greater  than  any  of  thofe  Franf- 

employed  hitherto  for  this  Purpofe,  gives  room  to  expedt  great  Exadt-  ihe 

nefs  in  the  whole  Work,  when  it  ffiall  be  carried  on  in  the  fame  Manner,  t.  s.  M.  d. 

It  will  at  once  ferve  to  make  a  very  exadt  Map  of  the  Bottom  of  the  F.  R.  S.  ibid: 

Gulph  of  Finland.  3Tis  for  the  fame  Defign,  and  for  better  ordering  P-  S°*  dated- 

the  Charts  of  the  Coads  of  the  Baltick ,  that  I  intend  (as  Soon  as  my 

Projedl  ffiall  be  approved  here  in  it’s  full  Extent)  to  begin  to  meafure 
my  Triangles  along  the  Coafts  of  Ingria  and  Livonia ,  to  the  Blands  of 
Daghc ,  Oefel,  &c.  And  to  the  end  that  the  Charts  of  the  Places  taken 
in  by  thefe  Triangles  may  be  finiffied  at  the  fame  Time,  I  ffiall  take 
with  me  all  the  Charts  of  thefe  Parts,  which  can  be  had,  in  order  to 
verify  and  corredl  them  in  my  Way.  According  as  thefe  Charts  are 
thus  finiffied  in.  the  bed  Manner,  they  may  be  engraved.  1  like  wife  in¬ 
tend  topubliffi,  as  Soon  as  poffible,  all  the  Operations  and  Obfervations; 

I  ffiall  have  made  in  my  Expedition  ;  that  thus  early  Benefit  may  be 
reaped  from  them,  and  that  thePublick,  at  the  fame  time  the  Charts 
come  out,  may  be  acquainted  with  the  Foundation  on  which  they  are 
confcrudted.  I  once  thought  to  have  by  this  Time  printed  the  whole 
Detail  of  my  Operations  in  taking  the  Bafis,  that  is,  of  the  Precautions- 
I  ufed  in  afcertaining  it ;  but  as  it  was  meafured  in  Englifh  beet,  which 
I  have  a  Delire  to  reduce  to  this  Country  Meafure,  and  that  Vis  requilite 
to  con  ful  t  the  original  Standards  here  on  this  Head,  which  I  have  not  as 
yet  been  able  to  procure  *,  for  thefe  Rea  fons,  1  am  obliged  to  delay  the 
Publication  of  thefe  firft  Obfervations, 

VII.  The  Globe  is  juftly  reckoned  very  ufeful  and  inftru&ive,  both  as  An  Account  of  ■ 
a  general  Map,  and  alfofor  explaining  the  firft  Principles  of  Geography, 

and  the  fpherical  Dc&rine  of  Aflronomy.  By  this  Inftrument  it  is  eafy  cj-errepiai 
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to  find  the  Length  of  the  Days,  and  their  Increafe  and  Decreafe,  in  all 
Places,  and  at  ail  Times  of  the  Year,  But  this  is  not  ufually  performed 
in  fuch  a  manner  as  at  the  fame  Time  to  explain  how  thefe  Phenomena 
arife  from  the  Motion  of  the  Earth,  which  is,  the  principal  thing  Begin» 
ners  efpeciall y  fhould  have  in  View  :  Nor  can  this  be  remedied,  at  leaft 
but  in  few  Cafes,  as  Globes  are  commonly  fitted  up  ;  for  the  Axis  and 
the  horary  Circle  prevent  the  Brafs  Meridian  from  being  moveable  quite 
round  in  the  Horizon,  which  it  ought  to  be,  and  fo  indeed  prevent  the 
Globe  from  being  univerfally  ufeful,  even  in  the  common  way  of  con- 


iidermg  it. 

It.  is  now  about  6  Years  fiace  I  removed  this  Impediment,  by  placing 
two  horary  Circles  under  the  Meridian,  one  at  each  Pole.  Thefe  Circles 
are  fixed  tight  between  two  Brafs  Collars  placed  about  the  Axis,  but  fo 
that  they  may  be  eafily  turned  by  the  Hand  when  the  Globe  is  at  Reft  *, 
and  when  the  Globe  is  turned,  they  are  carried  round  with  it,  the  Meri¬ 
dian  leaving  as  an  Index  to  cut  the  horary  Divifions.  The  Globe,  being 
thus  fitted,  ferves  readily  for  folving  of  Problems  in  South  as  well  as  in 
North  Latitudes,  as  alfo  in  Places  near  the  Equator.  But  the  chief 
Advantage  gained  by  this  Alteration,  is,  that  the  Globe  is  now  adapted 
for  folving  of  Problems  upon  the  Principles  of  the  Pythagorean  Syftem, 
or  to  (hew  how  the  Viciffitudes  of  Days  and  Nights,  and  the  Alterations 
of  their  Lengths,  are  really  made  by  the  Motions  of  the  Earth.  To  ex¬ 
pedite  this,  I  had  the  Brafs  Meridian  at  one  of  the  Poles  divided  into 
Months  and  Days,  according  to  the  Sun’s  Declination,  reckoning  from 
the  Pole.  This  being  done,  if  we  bring  the  Day  of  the  Month  to  the 
Horizon,  and  re&ify  the  Globe  according  to  the  Time  of  the  Day,  the 
Horizon  will  reprefent  the  Circle  feparating  Light  and  Darknefs,  and  the 
upper  Half  of  the  Globe,  the  illuminated  Hemifphere,  the  Sun  being  in 
the  Zenith. 

While  we  view  the  Globe  in  this  Pofition,  we  fee  the  Situations  of  all 
Places  m  the  illuminated  Hemifphere,  with  refpecl  to  the  Horizon* 
Meridian,  &c.  and  by  obferving  the  Angles  which  the  Meridians,  cut¬ 
ting  any  Parallels  of  Latitude  in  the  Horizon,  make  with  the  Brafs 
Meridian,  we  have  the  Semidiurnal  Arches  of  thefe  Parallels  refpedively : 
And  at  the  fame  Time  (if  the  Sun  be  not  in  the  Equator)  we  fee  why 
the  Diurnal  Arches  of  the  Parallels  continually  decreafe  from  the  Neigh¬ 
bourhood  of  the  elevated  Pole,  till  we  come  to  the  oppofite  Part  of  The 
Horizon.  If  we  turn  the  Globe  Eafterly  round  it’s  Axis,  we  ftiall  fee 
Low  all  Places  change  their  Pofitions  with  refpedl  to  the  general  Horizon, 
the  Meridian,  &c.  by  the  Motion  of  the  Earth  round  her  Axis. 

Ir  yet  remains  to  be  fhewed,  how  the  annual  Motion  of  the  Earth  in 
oer  Orbit,  caufes  the  Change  of  the  Sun’s  Declination  :  This  cannot  be 
done  by  the  Globe  fimply  taken,  but  is  very  well  fhewed  by  the  Inftru- 
>ments  called  Orreries :  But  to  thefe  their  Coftlinefs  is  an  Objedlion,  not 
mentioning  others  from  a  want  of  due  Proportion  in  the  things  they  ex- 
niDit.  I  had  therefore  an  Inftrunient  made,  which  confided  only  of  a 
1  ,  round 


\ 


Improvement  on  the  terrejlriai  Globe . 

round  Trencher  of  Wood,  a  Circle  of  Brafs  upon  the  Face  of  it,  and  be¬ 
tween  thefe  3  Wheels  of  the  fame  Dimenfions  and  Number  of  Teeth  : 
The  innermoft  Wheel  was  fixed  to  the  Wood  in  the  Centre,  the  third 
had  it’s  Axis  come  through  the  brafs  Piate,  round  which  was  a  brafs 
Circle  having  a  Socket  making  an  Angle  with  it  of  66  i  Degrees  ;  in  this 
Socket  was  fixed  the  Axis  of  a  little  Globe,  having  a  Plorizon  about  it, 
toreprefent  the  Circle  feparating  Light  from  Darkneis,  the  Sun  being 
fuppofed  to  be  in  the  Middle  of  the  Inffrument.  While  the  brafs  Plate 
is  turned  round  through  the  Scale  of  Months  and  Days  expreffed  on  the 
under  Plate,  the  Axis  of  the  Terrella  is  kept  all  the  while  parallel  to  it- 
fclf,  by  means  of  the  fecond  Wheel  placed  between  the  two  above-mention¬ 
ed  *,  and  fo  the  Change  of  the  Sun’s  Declination,  or  rather,  which  comes 
to  the  fame  Purpofe,  the  different  Pofition  of  the  Equatorial  Axis  with 
refpedt  to  the  Circle  feparating  Light  and  Darknefs,  is  exhibited  all  the 
while  the  Earth  is  going  round  in  her  Orbit.  By  placing  the  Axis  of  an 
ivory  Ball  having  one  half  blacked,  upright  in  the  middle  of  the  Circle 
which  carries  the  Terrella,  this  little  Iriitrunient  will  ferve  to  explain  the 
Phenomena  of  the  Moon’s  Phafes . 

Having  thus  learned  the  Caufe  of  the  Sun’s  Change  of  Declination, 
we  may  now  have  recourfe  to  the  larger  Globe,  and  moving  it  according 
to  the  different  Seafons,  we  may  obferve  the  Phenomena  thence  arifing 
more  diftipclly. 

For  a  graduated  Meridian,  I  had  a  flexible  Slip  of  Brafs  divided  into 
Degrees,  which  I  could  fix  occaflonally  in  the  two  Hour  Circles ;  and 
upon  fuch  another  Slip  I  had  a  Scale  of  Months,  anfwering  to  the  Sun’s 
Declination,  reckoning  both  ways  from  the  Equator.  By  means  of  this 
graduated  Meridian,  the  Globe  being  rectified  according  to  the  Sun’s 
Declination,  if  we  gently  turn  it  round  it’s  Axis,  we  may  prefently  find 
the  Time  of  the  Sun’s  rifing  or  fetting  in  all  Places,  by  obferving  the 
Hour  Circle,  >  when  the  feveral  Degrees  of  Latitudes  refpe&ively  come  to 
the  Horizon. 

After  the  fame  manner,  if  the  Globe  be  elevated  to  any  particular  La¬ 
titude,  and  the  Meridian  having  the  Scale  of  Months  be  fixed  in  it’s  Place, 
we  may  foon  find  the  Time  of  the  Sun’s  rifing  or  fetting  in  that  Latitude 
throughout  the  Year,  by  obferving  the  Flour  Circle  when  the  refpe&ive 
Days  come  to  the  Horizon.  This  Method  is  not  only  ufefulon  the  Ac¬ 
count  of  it’s  being  expeditious,  but  alfo  becaufe  it  intimates,  why  at  the 
fame  time  the  Days  are  of  different  Lengths  in  different  Latitudes,  and 
in  the  fame  Latitude  at  different  Times  of  the  Year. 

The  Globe- makers  might  fave  us  the  Trouble  and  Expence  of  having 
thefe  graduated  Slips  of  Brafs,  by  dividing  lome  Meridian,  which  goes 
oyer  the  leaft  Land,  into  Degrees,  which  might  be  marked  with  round 
Dots,  and  every  Tenth  numbered.  The  Scale  of  Months  might  be  en¬ 
graven  upon  fome  other  Meridian.  It  would  be  01  Ufe  hkewife,  if  the 
Parallels  and  Meridians  of  every  Degree  between  the”  Tropics  be  drawn 
V  O  L.  VIII.  *  Part  i.  '  Z  z  m 
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in  Faint  Lines,  which  I  think  might  be  done  without  obfcuring  the 


Map. 

Parallel  to  the  Horizon,  and  i8°  below  it,  I  had  a  Circle  fixed  for 
fhewingthe  Limits  of  the  Twilights :  This  is  ufeful,  as  it  fhews  at  one 
View  the  State  of  the  Twilights,  and  alfo  why  they  do  not  lengthen  or 
fhorten,  as  the  Days  do.  The  Semi-Circle  of  Pofition  is  a  thin  narrow 
Plate  of  Brafs  as  ufual,  but  made  fo  that  it’s  Axis  is  moveable  quite 
round  the  Horizon.  I  had  alfo  a  narrow  flexible  Slip  of  Brafs,  which 
might  be  girt  round  the  Globe  in  any  Fofition,  and  fo  be  made  to  re- 
prefent  any  great  Circle  whatfoever :  This  occafional  Circle  may  be  in- 
druClive  to  Beginners  on  feveral  Occafions. 

If  the  principal  Horizon  be  of  Wood,  or  made  fo  as  to  obfcure  the 
Globe  below  it,  the  Twilight  Horizon  had  bed  have  fmall  Feet  of  a  pro¬ 
per  Length,  fixed  fo  that  it  might  Hand  in  it’s  proper  Place  upon  the 
other,  occafionally  ;  then  inverting  the  Pofition  of  the  Globe,  the  fame 
thing  will  be  fhewed  as  before. 

The  farther  Ufe  and  Application  of  thefe  Contrivances  to  different 
Projections  of  the  Sphere,  &c.  will  be  obvious  to  thofe  who  are  acquaint¬ 
ed  with  thefe  things  *  and  without  dwelling  any  longer  upon  this  Sub¬ 
ject,  it  may  feem,  that  I  have  already  faid  more  than  was  needful  in  this 
Place.  But  the  Globe  being  in  every  body’s  Hands,  and  in  reality  a 
very  ufeful,  entertaining,  and  inftruCtve  Inftr ument,  I  thought  an  At¬ 
tempt  to  render  it  more  fo,  would  not  be  altogether  ufelefs,  or  yet  un¬ 
worthy  the  Notice  of  the  Curious. 

<lke  Canflruc-  VIII.  Geographical  Maps,  and  Hydrographical  Charts,  though  they 
ilffnhd  are  Reprefen tations  of  a  Convex  Spherical  Surface,  yet  were  fird  de- 
°Mapss ^or^fuch  l*neated  upon  Planes,  as  being  the  mod  eafy  and  obvious,  tho’  not  the 
as  are  delimat-  mod  natural  and  accurate  Reprelentations  :  And  they  will  be  diffidently 
edupon  Par-  near  the  Truth,  when  the  Part  of  the  Earth  or  Seas  to  be  defcribed  is 

r  °C  alt ur face'  not  a  veiY  ^ r &e  Extent.  Such  as  thefe  have  been  ufually  called  Cho- 
%a Mr  John  rographical  and  Topographical  Maps ;  but  when  the  Map  is  any  thing 
Coifon,  M.A.  general,  or  is  to  contain  any  large  TraCt  of  the  Earth  or  Seas,  fuppofe 
F.  R.  S.  No.  (for  Indance)  one  of  the  four  Quarters  of  the  World,  as  they  are  called  ^ 

Ian  ’  t*ien’  W^iei1  theV  are  Proj€&ech  or  reprefented  upon  a  Plane,  the  Parts 

j736.  c'  mud  neceflarily  be  didorted,  one  way  contracted  beyond  the  Truth,. 

another  way  dilated,  fo  as  to  give  no  jud  Idea  of  the  whole.  Nor  can 
this  Didortion  be  poflibly  avoided,  when  any  confiderable  Part  of  a 
Spherical  Surface,  by  any  Projection  whatever,  is  to  be  reprefented  upon 
a  Plane.  ^Tis  true,  this  Didortion  is  always  regular,  and  according  to 
certain  Laws  ;  fo  that  knowing  the  Nature  of  the  Projection,  it  may 
-tolerably  well  be  allowed  for.  But  to  do  this  fcientifically,  and  as  it 
ought  to  be  done,  requires  much  Skill  and  Accuracy  in  the  Maker,  as 
well  as  good  Proficience  and  Experience  in  the  Perufer •,  and  therefore 
not  fo  proper  for  an  Introduction  to  Learners,  in  the  Rudiments  of  Geo- 
graphy..  Young  Minds  are  apt  to  receive,  wrong  Notions  and  Pre¬ 
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judices  from  them,'  at  lead  cannot  be  rightly  and  eafily  inftm&ed  by 

them. 

To  obviate  this  Inconvenience,  Geographers  have  contrived  and  con- 
druCted  the  Terreftrial  Globe,  on  which  they  endeavour  to  delineate  all 
the  Parts  of  the  Earth’s  Surface  in  their  natural  State,  as  to  Longitude, 
Latitude,  Didance,  Bearing,  Magnitude,  &c.  which  being  a  true  and 
genuine  Reprefentation  of  the  whole  Superficies  of  the  Earth,  as  far  as  it 
is  yet  known,  is  the  bed  adapted  for  conveying  jud  Notions  to  young 
Minds,  and  for  preventing  all  falfe  Conceptions  and  Prepoffefiions, 
After  the  fird  Rudiments  of  Geography  have  been  imbibed  from  hence, 
they  will  be  then  prepared  for  the  Ufe  of  plain  Maps ;  and  they  will  after¬ 
wards  find,  that  large  Projections  of  particular  Countries,  Kingdoms,  and 
Provinces,  in  piano  y  will  be  of  excellent  Service  to  them  for  their  farther' 
Improvement  in  this  ufeful  and  neceflary  Science.  Nor  will  they  now  be 
in  any  Danger  of  being  mifled  by  fuch  Maps,  tho’  they  are  not  fo  iuft 
and  natural  Reprefentations  of  the  Earthly  Globe. 

Now  the  fame  Conveniencies  that  may  be  derived  from  the  whole 
Globe,  may,  in  Proportion,  be  had  from  any  notable  Portions  of  it  y 
as  an  Hemifphere,  a  Quadrant,  a  SeClant,  an  OCtant,  or  other  Part. 
But  with  this  Advantage  befides,  that  thefe  partial  Spherical  Maps  will 
not  only  be  much  lefs  cumberfome,  and  more  manageable  than  a  whole 
Globe,  but  may  be  made  much  more  accurate  and  particular,  as  being  ca¬ 
pable  of  being  formed  to  a  much  larger  Diameter  than  a  Globe  can  conve¬ 
niently  be  made  to.  The  Maps  may  fird  be  printed  upon  a  Plane,  as  is 
ufual  in  the  common  Globes,  and  then  paded  upon  thin  convex  Shells 
of  Padeboard,  formed  to  the  intended  Radius.  The  forming  of  thefe 
fpherical  Coats  of  Padeboard  will  be  a  Matter  of  no  great  Difficulty, 
even  to  as  large  a  Diameter  as  ffiall  be  defired  *,  but  the  chief  Art  will  be 
required  in  projecting  the  Maps  in  piano ,  after  the  fimpled  and  exaCtefl 
Manner,  fo  as  that  they  may  adapt  themfelves,  with  as  little  Error  as 
poffible,  to  a  fpherical  Surface.  For  a  plane  Surface  cannot  be  converted 
into  a  fpherical  Surface  without  fome  Error.  The  bed  Method  Of  doing 
this,  with  the  lead  poffible  Error,  I  think  will  be  as  follows. 

Indead  of  the  ufual  Slips  or  Gufiets,  as  is  the  manner  of  Globe-makers, 
which  are  comprehended  between  two  Meridians  at  fome  Didance,  and 
are  formed  only  tentatively  and  mechanically,  without  the  Help  of  any 
jud  Theory,  we  may  divide  the  whole  fpherical  Surface  into  parallel 
Portions,  or  Zones  ;  that  is,  into  Parts  terminated  by  two  Parallels  to 
the  Equator,  at  the  Didance  (fuppofe)  of  ten  Degrees.  As  if  the  fird  of 
thefe  Portions,  or  Zones,  were  at  the  Equator  itfelf,  and  extended  to  50 
of  Latitude  on  each  Side  of  that  Circle,  the  fecond  Zone  would  be  at  the 
Parallel  of  io°  of  Latitude,  and  would  extend  to  ^  of  Latitude  on  one 
Side,  and  to  1 5 0  of  Latitude  on  the  other  Side  of  that  Parallel,  and  fo 
of  the  fucceeding  Zones. 

Now  we  may  conceive  the  fird  of  thefe  Portions,  or  Zones,  to  be 
converted  from  a  fpherical  Surface  to  a  plane  Surface  in  this  manner, 

2z2  “  ~  "  _ without 
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without  fenfible  Error.  Let  the  middle  Line  of  this  Zone,  that  is  the 
Equator,  continue  in  it’s  Situation,  and  let  the  Segments  of  the  Meridi¬ 
ans  on  each  Side  be  conceived  to  unbend  themfelves  gradually,  ’till  they 
are  extended  into  right  Lines  perpendicular  to  the  Equator:  Then  will 
that  which  v/as  before  a  Zone,  or  Portion  of  a  fpherical  Surface,  with  a 
fmall  Alteration  become  a  Portion  of  a  cylindrical  Surface,  circumfcrib- 
ed  about  the  Sphere  ;  whofe  Breadth  is  every  where  equal  to  io°  of  the 
Sphere,  and  whofe  Circumference  is  equal  to  the  Equator.  And  thus 
every  Parallel  to  the  Equator,  as  far  as  that  of  5°  of  Latitude  on  each 
Side,  will  be  ftretched  and  extended  into  a  Circle  as  large  as  the  Equa¬ 
tor  *,  but  they  will  all  keep  the  fame  Diftance  from  one  another,  and 
from  the  Equator,  that  they  had  before.  This  Extenfion,  or  Alteration, 
will  be  every  where  regular  and  uniform,  and  will  be  but  very  little, 
even  where  it  is  mod; :  , For  the  lead:  of  thefe  Circles,  which  is  the  Paral¬ 
lel  of  50  of  Latitude,  has  the  fame  Proportion  to  the  Circle  it  is  ftretched 
to,  or  the  Equator,  as  the  Sine  of  85°  has  to  the  Radius,  or  as  9961947 
to  10000000  ;  which  approaches  very  near  to  a  Ratio  of  Equality.  And 
now  it  will  be  eafily  conceived,  that  without  undergoing  any  other  Al¬ 
teration,  or  Diftortion,  this  Portion  of  a  cylindrical  Surface  may  be 
redlified,  or  extended  into  a  plane  Parallellogram,  whofe  Length  will  be 
equal  to  that  of  the  Equator,  and  whofe  Breadth  will  be  equal  to  an  Arch 
of  io°  of  the  fame  Equator. 

And  confequently,  by  an  Operation  that  will  be  juft  the  Reverfe  of 
this,  if  upon  a  Plane  we  delineate  fuch  a  Parallellogram  as  this,  we  may 
then  lay  down  all  the  Places  that  are  contained  in  it  very  exacftly,  in  their 
proper  Situation  of  Longitude  and  Latitude  ;  and  then  apply  it’s  middle 
Line,  or  Equator,  to  that  of  a  Globe  of  a  due  Magnitude,  which  will 
then  become  a  Portion  of  a  cylindrical  Surface,  circumfcribed  about  the 
Globe.  Then  by  prefling  it  clofe  to  the  Body  of  the  Globe,  we  fhall: 
caufe  it  to  contrad  itfelf  a  very  little,  but  regularly,  which  Contradiiorc 
will  be  only  according  to  Longitude,  and  not  at  all  according  to  Lati¬ 
tude  ,  and  then  the  cylindrical  Surface  will  be  changed  into  that  of  a 
Sphere,  and  will  become  the  ftrft  fpherical  Zone  before  defcribed,  with 
all  it’s  Delineations  in  their  due  Pofition,  without  fenfible  Error. 

In  like  manner  in  the  fecond  fpherical  Portion,  or  Zone,  compre¬ 
hended  between  the  Parallels  of  five  and  fifteen  Degrees,  whofe  middle 
Line  is  the  Parallel  of  ten  Degrees,  we  may  conceive  the  Segments  of  the 
Meridians  to  unbend  gradually  on  each  Side,  and  to  extend  themfelves 
into  Tangent  right  Lines,  which  therefore  will  form  a  Segment  of  a 
conical  Surface,  ft  ill  touching  the  Globe  in  the  Parallel  of  ten  Degrees  of 
Latitude.  The  Axis  of  this  Cone  will  coincide  with  the  prolonged  Axis 
-of  the  Globe,  and  the  Side  of  the  Cone,  which  is  to  be  eftimated  from 
ifcbe  Vertex  to  the  Circle  of  Contact,  wilt  be  the  Co- tangent  of  the  Lati¬ 
tude,  or  the  Tangent  of  8o°.  Now  this  Portion  of  a  conical  Surface 
may  eafily  be  conceived  to  be  unrolled,  or  to  be  expanded  into  a  plane. 
Surface,  without  undergoing  any  other  Alteration*  and  then  if  will  be^ 
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come  a  Portion  of  a  Sedor  of  a  Circle  ;  which  Portion  will  have  fob  jVs 
Length,  or  middle  Line,  an  Arch  of  a  Circle  defcribed  with  the  a  Fore - 
faid  Tangent,  as  a  Radius,  whofe. Length  will  be  the  lame  as  the  Pa¬ 
rallel  of  Contact,  and  it's  Breadth  will  be  equal  to  an  Arch  of  the  Equa¬ 
tor  of  10  0  as  before.  This  Segment  of  a  Sedor  of  a  Circle  /0  produced, 
may  therefore  be  eafily  defcribed  in  piano ,  and  within  it  may  be  inferred 
all  the  Places  belonging  to  it,  according  to  their  Longitude  and  Lati¬ 
tude.  Then  it  muft  be  applied  to  the  Globe,  fo  as  that  it’s  middle 
Line  fhall  coincide  with  the  Parallel  of  io°  ;  then  by  prefling  it  may  be 
bent  to  the  Surface  of  the  Globe,  every  Meridian  to  it’s  refpedive  Repre- 
fentative,  by  which  it  will  uniformly  contrad  a  little  according  to  Lon¬ 
gitude,  but  not  at  all  according  to  Latitude.  And  thus  the  Globe  will 

be  covered  as  far  as  1 50  of  Latitude. 

The  next  Zone,  or  that  belonging  to  the  Parallel  of  2d0,  may  be  thus; 
conftr uded  a  priori.  Upon  a  plain  Paper,  with  Radius  equal  to  tne 
Tangent  of  70  Degrees,  defcribe  an  Arch,  whofe  Length  is  equal  to 
that  of  the  Parallel  of  20°  •,  as  alfo  two  other  concentrick  Arches  on  each. 

Side,  at  a  Diflance  from  the  middle  Arch  equal  to  an  Arch  of  50. 

This  will  be  the  required  Segment  of  the  circular  Sedor,  in  which  are 
to  be  infer  ted  all  the  Places  belonging  to  it,  according  to  their  Longi» 
tude  and  Latitude.  Then  the  middle  Line  or  Arch  is  to  be  apply ed  to 
the  Parallel  of  20°  upon  the  Globe,  and  the  Segment  of  the  conical  Sur¬ 
face  thence  anfing  is  to  be  duly  contraded  as  befoie,  or  preiled  CiOie  to 
the  Globe;  by  which  Means  this  Zone  will  alfo  be  completed.  And 
in  the  fame  manner  we  are  to  proceed  to  the  fucceeding  Zones,  ’till  the 
whole  Globe  is  covered.  And  the  Method  will  not  differ  in  any  material 
Circum  fiance,  if  inflead  of  a  whole  Globe,  we  are  to  conflrud  any  Parc 
of  it  only,  or  what  I  here  call  a  Spherical  Map. 

To  reduce  this  Theory  to  Fradice,  and  as  a  Specimen  of  Spherical: 

Maps,.  I  have  conflruded  a  Terreilrial  Hemifphere  to  a  Diameter  of 
near  15  Inches;  To  which  I  have  given  the  Name  of  the  Britijh  EemB 
JihcTCy  becaufe  it  has  Great- Britain  in  the  Centre,  or  rather  at  it  s  \  ertex. 
it  is  therefore  adapted  tothe  IVleridian  and  Horizon  oi  London ,  and  exr 
hibits  one  half  of  the  Earth’s  Surface,  as  it  lies  round  about  this  City 
which  is'  vailly  the  mod  confiderable  Part  of  the  whole  Earth  s  Super¬ 
ficies.  The  Longitude  and  Latitude  of  Places  are  here  eafily  known  by 
fnfpedion,  and  their  Bearing  and  Diflances  may  be  nearly  efli mated 
And  all  the  Delineations  are  as  accurate  and  particular  as  this  fmall  Radius 
would  permit.  I  conceive  therefore  it  may  be  no  unlit  Inflt ument  for 
inftrudihg  Beginners,  or  for  initiating  young  Minds  in  the  fhft  Kud*^ 

nients  of  Geography.  .  1  --.i  t 

IX.  The  Neceflky  of  feeing  the  Horizon,  in-  order  to  find  the-  La-  jt  spirit 

made  of  a;  Ship  at  Sea,  has  always  been  fo  great  an  Inconvenience,  that  <vd  to  he  fixed’ 

any  Method  for  determining  it  without  the  Help  of  the  Horizon,  will  tlf 

be  of  confiderable  life,  although  it  fllotfM  be  liable  to  an  Error  of  a  few  \Urid-falAU. 

Minutes. r  And  as  iris  gene  pal  -agreed,  by  Seamen,  that  they  are  much  titudc  at 

oftener 
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oftaer  fenfible  of  this  Inconvenience  in  calm  Weather,  than  in  rough  ;  it 
is  hoped  that  the  following  manner  of  conftru&ing  and  ufing  a  Spirit 
Level,  may,  in  that  Cafe,  be  capable  of  fo  much  Exaftnefs,  at  leaft,  as 
may  render  it  acceptable  to  the  Publick. 

This  Level  is  compofed  of  a  Glafs  Tube  A  B,  bent  into  an  Arch  of  a 
Circle,  and  containing  fuch  Number  of  Degrees  as  will  be  moft  fuit- 
able  to  the  Degree  of  Exaflnefs  with  which  the  Obfervation  can  be  made. 
The  Bore  of  it  muft  not  be  wider  than  ^  of  an  Inch  in  Diameter,  that 
the  Liquor  in  it  may  the  better  keep  together,  and  the  two  Ends  of  it 
ftand  Perpendicular  to  the  Tube  in  all  Pollutes:  Nor  lhould  it  be  much 
lefs,  leaft  the  hanging  of  the  Spirit  to  the  Sides  hinder  it  from  fettling  fo 
truly  by  it’s  Weight  to  the  loweft  Part  of  the  Tube.  This  Tube  is  ce¬ 
mented  into  another  Brafs  one  C  D  E  F,  of  the  fame  Curvature,  the 
outer  Half  of  which  is  taken  off,  fo  as  to  fhew  the  Glafs,  leaving  only  a 
fmall  Part  in  the  Middle  DF  entire,  in  which  a  fmall  Stop-cock  G  is 
placed.  The  Glafs  Tube  is  divided  in  two  in  the  Middle,  to  make  room 
.or  this  Stop- cock,  tne  Ley  of  which  muft  be  pierced  through  with  a 
Hole  of  only  about  ~  Part  of  . an  Inch,  for  the  Pafiage  of  the  Liquor. 
x  he  ou.er  rsnds  of  the  Glafs  Tube  muft  have  a  Communication  with  one 
another  round  about  by  Means  of  two  fmall  Pipes  I  and  K,  and  the 
Tube  H,  the  manner  of  which  is  fufficiently  fhewn  by  the  Figure 

Each  half  of  the  Glafs  Tube  A  B  muft  have  a  Scale  of  Decrees  an’fwer- 
mg  the  Curvature  of  the  Tube,  fubdivided  at  Pleafure.  They  may  be 
numbered  either  as  the  upper  or  under  Scale  in  the  Figure  ;  and  obferve 
that  in  the  under  Scale  two  Degrees  are  numbered  as  one;  theReafon  of 
which  is,  that  the  Motion  o!  the  Spirit  in  the  Tube  increalino1  the  Num¬ 
ber  on  one  Hand,  and  at  the  fame  Time  as  much  diminifhmg  that  on 
the  other,  their  Difference  is  altered  thereby,  fo  as  to  anfwer  to  double 
that  Motion.  The  Divifion  of  the  Scales  are  cut  on  the  Edge  of  the 

Brafs  half  Tube,  or  Trough,  which  is  made  thick  for  the  treater 
Strength.  & 

In  one  of  the  fmall  Pipes  I  or  K,  juft  againft  the  Return  of  it,  which 
enters  the  End  of  the  firft-mentioned  Glafs  Tube  at  A  or  B,  is  a  fmall 
Hole,  by  which  to  introduce  into  it  fo  much  Spirit  of  Wine  as  may  fill 
it  from  the  Middle  of  the  Scale  on  one  Hand  to  the  Middle  of  that  on 
the  other  ,  this  Hole  may  be  afterwards  flopped  by  a  Skrew-pin. 

The  inner  Ends  of  the  two  Halves  of  the  Glafs  Tube  A  B  lhould  be 
fixed  into  the  entire  Part  of  the  Brafs  Tube  D  F  with  a  Cement  made 
with  old  hard  Bees- Wax,  or  fome  other  Materials  not  diftblvable  by 
Spirit  of  Wine,  as  fliould  alfo  the  Ends  of  the  fmall  Pipes  I  and  K  into 
this  and  the  Tube  H :  Thofe  Halves,  as  to  the  remaining  Part  of  their 
Lengths,  may  be  faftned  down  with  any  ftrong  Cement. 

This  Level  may  be  let  on  to  one  of  the  Limbs  of  the  Quadrant,  fitted 
up  for  this  Purpofe,  in  the  manner  exprefted  in  the  Figure.  It  hath 
an  Index  moveable  on  the  Centre,  and  a  Spring  at  the  other  End  to  keep 
it  fteady,  when  it  is  directed  to  any  of  the  Divifions  on  the  Arch,  which 

needs 
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needs  no  other  Divifion  than  into  whole  Degrees,  The  Index  may  be 
furnifhed  either  with  plain  Sights,  or  may  carry  a  fhort  Telefcope,  with 
a  Vane  in  it’s  Focus,  to  receive  the  Image  of  the  Sun,  when  it  is  bright 
enough  *,  but  if  the  Sun  be  hazy,  or  the  Moon,  or  a  Star  be  obferved,  a 
Aiding  Shutter  maybe  drawn  out  to  tranfmit  the  Rays  of  Light  to  the 
Eye-glafs.  The  Vane  has  alfo  a  Thread  fixed  on  it  perpendicular  to  the 
Plane  of  the  Quadrant.  The  whole  Inftrumerit  (for  the  eafier  managing 
it)  may  be  fupported  by  a  Staff,  refling  with  one  End  on  the  Floor. 

The  manner  of  ufing  it  is  thus :  Holding  the  Quadrant  in  a  vertical 
Pofture,  with  that  Limb  to  which  the  Level  is  fixed  parallel  to  the  Hori¬ 
zon,  raife  the  Index  to  fome  Divifion  of  the  Arch,  as  near  as  you  can  to 
the  true  Height  of  the  Objedl ;  which  is  fuppofed  to  be  near  the  Meri¬ 
dian,  and  confequently  to  alter  it’s  Altitude  but  fhowly  ;  Then  turning 
the  Key  of  the  Stop-cock,  fo  as  to  let  the  Spirit  of  Wine  pafs  through  the 
fmall  Hole  in  it,  keep  the  Image  of  the  ObjeCt  as  clofe  to  the  Thread 
on  the  Vane  as  you  can,  endeavouring  that  the  unavoidable  Vibrations- 
of  it  above  and  below  the  Thread,  may  be  equal,  both  in  refpeCt  of  their 
Length,  and  the  Swiftnefs  of  their  Motions,  &c.  Continue  this  ’till  the 
Spirit  feems  quite  fettled  to  fome  Part  .of  the  Scale,  and  fomething  lon¬ 
ger.  This  it  will  do  Aowly,  but  without  any  fenfible  Vibrations*,  for 
the  Stop-cock  allowing  it  no  Paffage  but  through  the  fmall  Hole  in  it’s- 
Key,  will  give  fuch  a  Check  to  it’s  Motions,  as  not  only  to  flop  thofe 
Vibrations,  but  alfo  to  hinder  it’s  being  thrown  backwards  and  forwards 
in  the  Tube  by  any  Shocks  of  the  Inftrument  *,  and  yet  as  far  as  I  have 
obferved  will  not  prevent  it’s  fettling  (with  fufficient  Truth,  though  flow- 
Jy)  to  the  lowed:  Part  of  the  Tube.  About  half  a  Minute  of  Time  or 
more  maybe  neceffary  for  this,  according  as  the  aforefaid  fmall  Hole  is- 
greater,  or  lefs  in  Proportion  to  the  Bore  of  the  Tube.  When  you  judge 
the  Spirit  quite  fettled,,  turn  the  Stop-cock  again  :  It  is  of  no  Importance 
that  the  Image  of  the  ObjeCl  be  exaffly  on  the  Thread  at  the  Inflant  tha.tr 
this  is  done.  Obferve  againft  what  Degree,  and  Part  of  a  Degree,, each 
End  of  the  Spirit  in  the  Tube  Aands.  If  your  Scale  be  numbered  like 
the  upper  one  in  the  Figure,  and  the  Quantity  of  Spirit  be  exadl,  both* 
Ends  will  agree,  and  the  Degree  and  Parts  marked  muff  be  added  to, 
or  fubftra&ed  from  the  Altitude  fhewn  by  the  Index,  according  to  the 
Directions :  If  the  Ends  do  not  exaffly  agree,  take  the  Mean  between 
them.  If  you  life  the  under  Scale,  fubftraCt  the  lefs  Number  from  the 
greater,  and  add,  or  fubftraCt  the  Excefs,  the  Number  refulting  will; 
fhew  the  mean  Elevation  of  the  Index  during  the  latter  Part  of  the  Od- 
fervation,  and  will  differ  from  the  true  Altitude  of- the  ObjeCl  about  half* 
fo  much  as. the  Vibrations  of  it’s  Image  above  and  below  the  aforemen¬ 
tioned  Thread  on  the  Vane  fail  of  compenfanng  one  another  during  that 
Time.  If  either  End  of  the  Spirit  leave  the  Scale,  the  Index  muff  be  re¬ 
moved  three  or  four  Degrees,  and  the  Obfervation  repeated. 

In  Head  of  the  Curve  Tubes  A  and  B,  two  ftrait  ones  might  be  ufed, 

fet  together  fo  as  to  make  a  very  obtufe  Angle  in  the  Middle  *,  but  then 

'  \  "  It: 
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„  * 

it  will  be  convenient  to  have  the  Quantity  of  Spi ri t  more  exactly  fitted  to 

the  Scale,  becaule  the  allowing  for  the  Difference  will  be  forne  thin"  more 
troublefome. 

if  the  Obferver  have  an  Affiftant  to  attend  to  the  Level,  while  he  him- 
fclfobferves  the  Objecft,  the  whole  Apparatus  of  the  Brafs  Tube,  and 
Stop-cock,  may  be  omitted,  fubftituting  in  it’s  room  only  a  Plug  with 
a  fmall  Hole  in  it,  which  may  be  wrapped  round  with  a  very  thin  Slice 
of  Cork,  and  fo  thruft  down  into  the  middle  of  theGlafs  Tube.  The 
cutting  the  Glafs  Tube  in  half  in  the  Middle  may  likewife  be  avoided,  if 
in  (lead  or  the  Stop-cock  at  G,  there  be  one  fixed  in  one  or  both  of  the 
Pipes  !  and  K,  to-open  and  flop  the  PafTage  of  the  Air,  having  a  larger 
Hole  in  their  Keys,  there  being  alfo  a  Plug  with  a  fmall  .Hole,  thruft 
down  into  the  Middle  of  the  Tube,  as  before. 

The  Bore  of  the  fmall  Pipes  1  and  K,  and  the  Tube  H,  muft  not  be 
fo  narrow  as  to  make  it  difficult  to  reduce  the  Spirit  into  it’s  Place,  if  by 
any  Accident  either  End  of  it  fhoufd  get  into  them. 

I  have  been  informed,  that  an  Objedl  may  by  kept  in  View  without 
much  Difficulty,  even  in  pretty  rough  Weather,  thro*  a  Telefcope  mag¬ 
nifying  about  ten  times.  Now  as  fuch  Telefcopes  feldom  comprehend 
an  Area  of  much  more  than  i°  in  Diameter,  dr  atmoft  ig  20 'it  follows 
that  the  Axis  of  the  Telefcope  is  always  kept  within  40'  at  moft  of  the 
Objeci,  and  that  is  the  greateft  Vibration  of  the  Image  above  and  below 
the  Thread  on  the  Vane.  If  this  be  allowed,  it  feems  reafonable  to  ex¬ 
pedi  that  the  Medium  of  the  Vibrations  one  Way  fhould  not  exceed  the 
Medium  of  thofe  the  other,  more  than  by  about  hh  or  itft  Part  of  the 
greateft  Vibration;  i.  e.  about  7  or  8'  the  half  of  which  will  be  the  Error 
of  the  Obfervation.  In  flill  Weather  it  will  probably  be  much  lefts,  if 
the  In  fir  ument  be  in  the  Hands  of  a  Perfon  moderately  fkilful  in  ob- 
ferving. 

X.  The  Sea-Quadrant  now  in  Ufe,  called  Captain  Davis’s  Quadrant, 
being  invented  by  that  ingenious  Gentleman,  for  taking,  the  Sun's  Alti¬ 
tude,  is  an  Inftrument  well  known,  univerfally  approved,  and  fufficient- 
ly  accurate  ;  I  fay  fufficiently,  'becaufe  it  is  well  known  to  all  Artifts  at 
Sea,  that  5  or  io!  Error  (which  is  generally  the  moft,  if  the  Inftrument 
be  good,  though  the  Motion  be  great)  is  a  Trifle  fcarce  worth  the  notin", 
either  in  failing  near  a  Meridian,  or  parallel  Circle.  This,  together 
witn  a  long  oie  of  this  Inftrument,  has,  to  my  Knowledge,  (havin" 
had  the  Experience  of  17  Years  in  the  Royal  Navy)  occafioned  fuch  a 
"without feeing  Fondnefs  to  it,  that  it  would  be  no  eafy  matter  to  difftuade  the  Navigator 
tcZ7 S  fom.the  Ufe  of  ^  any  other. 

Leigh,  Gent.  It  is  true,  that  when  the  natural  Horizon  is  obfeured  by  thick  and  hazy 
No.  451.  P.  Weather,  (which  is  very  frequently  the  Cafe,  efpecially  off  of  our  Chanel, 

Nov  thC  Ban^S  °f  Newfoundland>  this  Inftrument,  as  it  now  (lands,  is 

•3-  737*  0f  no  Ufe  ;  which  too  often  occafions  melancholy  Confequences,  fuch  as 
the  Lofts  of  Ships  and  Cargoes,  and,  what  is  dill  more  valuable,  our  Sea¬ 
mens  Lives.  If  therefore,  to  this  Inftrument,  an  A  pparatus  were  added, 

fuch 
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fuch  as  an  artificial  or  portable  Horizon,  that  could  be  as  efieftually  re¬ 
lied  on,  as  that  of  the  true  or  natural ;  and  at  the  fame  Time  plain,  eafy, 
and  obvious  ^  1  am  of  Opinion,  it  would  be  needlefs  to  go  about  proving 
it’sUfefulneis.  x  *  ' 

To  this  End,  fome  ingenious  Gentlemen  have,  within  thefe  few  Years, 
very  commendably  employed  their  Talents  this  way  j  among  which,  1 
humbly  offer  my  Mite. 

I  fhall  now  proceed  to  the  Principle  on  which  this  Apparatus  is 
founded,  viz . 

That  the  Surface  of  all  Liquids  ( when  free  from  any  external  Caufe )  that 
have  a  Communication  with  each  other ,  though  divided  and  feparated  in 
their  Surfaces ,  will  be  truly  in  a  horizontal  Plain . 

The  Quadrant,  and  it’s  Conftrudlion,  being  well  known,  there  re¬ 
mains  but  little  to  be  faid  to  it ;  the  principal  Parts  that  I  fhall  take  No¬ 
tice  of,  are  the  two  Sections  of  two  different  Circles  that  are  concentriek, 
as  A  B,  C  D,  on  which  the  Degrees  and  Minutes  are  graduated-,  E,  Fig.  uoi 
the  common  Centre,  through  which  goes  a  brafs  Pin  fixed  to  the  Appa¬ 
ratus  E  F,  which  is  an  Index  or  Radius  to  the  Section  C  D,  on  which  In¬ 
dex  is  fixed  a  brafs  Tube  15  Inches  long,  in  the  Extremities  of  which 
are  fixed  perpendicularly  two  Glafs  Tubes  E  h  and  d  h9  4  Inches  long, 
with  brafs  Ferreis  on  the  Tops. 

On  the  central  Pin,  which  is  fixed  in  the  Index,  is  alfo  fixed  the  brafs 
horizontal  Vane  E  2  obliquely,  in  which  there  is  a  Hole  for  the  central 
glafs  Tube  E  h9  to  come  through  i  of  it’s  Length,  clofe  to  which,  and 
from  the  common  Centre,  comes  a  white  fine  Thread,  the  End  being 
fixed  in  the  Vane  E  2  ;  and  in  the  fame  manner  is  a  Thread  fixed  clofe 
to  the  glafs  Tube  d  h. 

To  prepare  this  Inftrument  for  Obfervation,  you  muff  pour  Water  Directions  to 
(for  that  is  always  to  be  had)  into  the  Tube  E  h ,  till  it’s  little  Surface  prepare,  and 
rifes  to  the  central  Thread  ;  then  to  keep  it  fixed  there,  fhut  the  Slide  or 
Stop  that  is  fixed  on  the  Top  of  the  central  Tube,  and  there  it  will  con¬ 
tinue  ;  then  you  may  at  Pleafure  pour  or  drop  Water  into  the  Tube  dh , 
till  it’s  Surface  alfo  rifes  to  the-  Thread  fixed  there  *,  and  if  too  much 
Water  is  dropped  in,  dip  in  a- Wire  with  a  fmall  bit  of  Spung  or  Cotton 
fixed  to  the  End,  till  you  exactly  trim  your  Tubes  5  for  in  this  lies  the  • 
greatefl  Nicety  and  ExaStnefs,  to  trim  your  Surfaces  true  to  the 
Threads. 

This  being  dqne,  you  are  prepared  tor  Obfervation  5  and  placing 
yourfelf  conveniently,  where  there  is  the  lead  Motion,  lit  down  on  a 
Stool  or  the  Deck,  and  having  the  Quadrant  in  it’s  proper  Pofition  on 
your  Lap,  open  the  Slide  on  the  Top  of  the  Tube  E  hy  that  the  Water 
may  have  it’s  natural  Tendency,  which  will  be  truly  horizontal,  con* 
formable  to  the  above  Principle  *,  then  keeping  your  Eye  on  the  central 
Thread,  bring  that  and  the  little  Surface  into  one,  which  will  be  effected 
VOL.  Vlll.  Part  i.  ‘  A*  a  a*  wit]i 
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with  the  fame  Eafe  as  if  you  obferved  by  the  natural  Horizon  •,  then 
keep  moving  the  End  of  the  Index  F,  till  you  bring  the  Speculum  of  the 
Sun  in  the  little  Hole  on  the  Horizon- Vane  that  is  clofe  to  the  Thread, 
fo  that  you  have,  as  it  were,  but  one  Qbjed  to  look  at  during  the  Time 
of  Obfervation:  But  if  you  ufe  the  Shadow- Vane,  you  mud  bring  the  upper 
Edge  of  the  Shadow  on  the  central  Line,  drawn  on  the  Horizon-Vane,  as 
ufual  •,  remembering  as  often  as  you  reft,  waiting  the  Sun’s  rifing,  to 
clofe  the  Slide,  which  prevents  the  Water’s  running  out,  it  then  remain¬ 
ing  immoveable.  And  thus  continuing  to  do,  till  the  Sun  is  on  your 
Meridian,  caft  up  the  two  Sums  as  is  ufual,  that  is,  the  Degrees  cut  by 
the  Shadow- Vane,  and  thofe  cut  by  the  upper  Edge  of  the  Index  on  the 
greater  Arch,  which  Sum  will  give  what  is  required,  viz.  the  Sun’s 
Diftance  from  the  Zenith.  On  the  End  of  the  Index  is  fixed  a  Sight- 
Vane  N,  by  which  you  may  obferve  by  the  natural  Horizon,  the  very 
lame  way  as  with  the  common  Quadrant-,  fo  that  the  one  will  be  the 
Proof  of  the  other. 


N.  B.  There  are  of  late  Invention,  large  Glafs  Lens's,  very  ufeful 
for  coileding  the  weak  and  fcattered  Rays  of  the  Sun  into 
a  Speculum  *,  but  if  the  Rays  are  even  too  weak  to  be  col- 
leded  by  that,  and  that  you  have  any  Sight  of  the  Sun,  let 
another  look  through  the  little  Hole  on  the  Horizon-Vane 
above-mentioned,  and  the  upper  Edge  of  the  Shade-Vane, 
to  the  Sun,  and  it  will  give  what  is  required  :  The  fame 
Rule  is  to  be  obferved  in  taking  the  Altitude  of  a  Star. 

UeDefcription  XI.  I  had  the  Honour  fome  time  ago  to  communicate  an  Invention 
and  UJfe  of  an  much  upon  the  fame  Nature  and  Principle  with  this  *,  fince  which  I  have 
fddefff.n  mac^e  Alterations  and  Improvements  thereto,  as  have  rendered  it 
‘improvement  complete  and  perfect  for  the  Ufe  intended,  and  have  been  confirmed  by 
to  Davis’s  repeated  Experiments,  as  well  on  board  Ships,  as  on  Shore.  An  Inftru- 

Quadrant ,  meot  of  this  Nature  we  greatly  want  at  Sea,  and  it  would  be  a  great  Sa- 

conji fling  of  a 
Mercurial  Le¬ 
vel,  for  taking 
the  Co-altitude 

of  Sun  or  Star  To  arrive  to  the  utmoft  Perfection  in  Navigation,  three  things  are  ab» 
“if the  ufual'  requifite,  viz.  The  Variation,  the  Latitude,  and  the  Longi- 

jfflflance  efthe  tude  >  which  laft  is,  as  yet,  concealed  from  us.  The  two  former  indeed, 
fenfible  Fieri-  w e  have  a  tolerable  Certainty  of,  efpecially  the  firft  which  may  be  found 
”on>  which  by  Obfervation,  almoft  at  anytime  the  Sun  fhall  be  vifible  in  or  above 
fua'if  'f  the  Horizon,  either  by  an  Amplitude  or  Azimuth-,  but  unhappily  as 
the  fame  yet,  h  is  not  fo  in  regard  to  the  Latitude,  by  any  certain  Method,  but 

Ibid.  p.  417.  what  is  looked  on  as  tooabftrufe  for  common  Pradice  -,  for  it  is  but  once 
in  24  Hours  that  an  Obfervation  can  be  made  from  the  Sun,  and  even 
that  Space  of  Time  fo  very  fhort,  that  if  the  Horizon  fhould  then  be 
obfeured,  or  a  Cloud  intercept  the  Rays  of  the  Sun,  the  dead  Reckoning 


tisfadion  to  me,  if  any  Thoughts  and  Inventions  of  mine  fhould  contri¬ 
bute  to  the  removing  of  this  grand  Impediment,  that  fo  frequently 

happens. 
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is  then  the  only  Guide,  which,  in  Fa<ft,  is  little  better  than  groping  in 
the  Dark. 

Since  the  Latitude  then  is  our  principal  Guide  at  prefent,  a\nd  liable  to 
thefe  Obftrudtions,  it  would  be  unneceflary  to  enlarge  on  the  Advantages 
that  would  accrue  to  Navigation  from  Improvements  tending  to  obviate 
them.  As  this  Invention  removes  a  very  material  Qbftacle,  viz ,  an  ob~ 
fcure  Horizon,  there  remains  another,  which,  I  hope  and  believe,  is  not 
altogether  impra&icable  to  remove;  and  that  is,  being  confined  but  to 
one  fnort  Space  of  Time  for  Obfervation,  as  already  mentioned  ;  and 
doubtlefs  it  would  be  of  great  Advantage  to  Navigation,  could  an  accurate 
Method  be  found  for  difcovering  the  Latitude  as  frequently  in  the  Day, 
as  you  may  that  of  the  Variation. 

But  to  return  to  the  Inftrument  under  Confideration,  which  is  founded 
on  this  obvious  Principle,  viz.  “  That  the  Surfaces  of  all  Liquids, 

64  that  have  a  Communication  with  each  other,  though  feparated  at  any 
«  Diftance  in  their  Surfaces,  will  be  in  a  true  horizontal  Planed’ 

The  firft  Inftrument  that  I  made  conformable  to  this  Principle,  was 
with  a  Water-Level  ;  but  finding  that  Water  was  fubjedt  to  forne  Incon- 
veniencies,  I  altered  the  Apparatus,  and  changed  the  Fluid  from  Water 
to  Mercury  :  This  Alteration  and  Improvement  will  more  intelligibly 
appear  by  the  Figure  of  the  Inftrument,  where  A  B,  CD,  reprefen  ts  Fig. 
the  Segments  of  two  different  Circles  that  are  concentrick  ;  E,  the 
common  Centre,  in  which  moves  the  Pin  or  Axis  fitted  to  the  Index  or 
Label  EF;  on  which  Label  is  alfo  fixed  the  horizontal  Tube  G  g9 
which  has  a  Communication  with  the  Two  Glafs  vertical  Tubes  E  b,  dh , 
in  which  moves  the  Mercury.  On  each  Top  of  the  vertical  Tubes  are 
fixed  *a  large  hollow  brafs  Cylinder  b  b9  having  in  their  Tops  a  Pin,  by 
dofing  of  which,  the  included  Airis  prevented  from  any  Communication 
with  the  External  •,  by  which  means  this  Advantage  is  obtained,  that  it 
prevents,  in  a  great  meafure,  that  too  quick  and  vibratory  Motion,  that 
is  natural  to  the  Fluidity  joined  to  the  Gravity  of  Mercury  when  moved, 
and  at  the  fame  Time,  by  having  a  fufficient  Space  and  Quantity  of  Air 
in  the  Cylinders  at  Top,  does  not  in  the  leaft  impede  the  true  Level; 
but  notwithstanding  this  Precaution,  the  Mercury  ftill  would  be  fubjedt 
to  a  tremulous  Motion,  were  it  not  that  the  Diameters  of  the  vertical 
Tubes,  to  that  of  the  horizontal,  are  as  2  to  i,  and  confequently  the 
Area  4  to  1  ;  by  which  means  this  Inconveniency  is  alfo  removed,  with¬ 
out  any  way  affedfing  the  horizontal  Level.  # 

The  firft  trimming  or  preparing  the  Tubes  with  Mercury  is  fufficient, 
and  when  the  two  little  convex  Surfaces  of  the  Mercury  appear  juft  viable 
above  the  level  Rings  E  e9  then  is  the  Inftrument  corredtly  trimmed  ; 
if  they  appear  much  above  or  below  the  Rings,  move  the  Tubes  a  little 
up  or  down,  till  the  Surfaces  are  adjufted  to  the  Rings;  which  is  effected 
by  means  of  the  regulating  Screw  /,  fixed  at  the  End  of  the  Bale 

Tube, 
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As  I  well  know  the  Fondnefs  our  Navigators  have  to  Davis’s  Quadrant, 
I  adapted  the  Apparatus  to  this  Inftrutnent,  which  is  fo  far  from  being 
perplexing,  that  it  becomes  obvious  at  firft  View,  and  by  which  an 
Obfervation  can  be  made  with  great  Facility  ;  for  the  Obferver  may  place 
himfelf  in  the  mod  convenient  Part  of  the  Ship,  where  there  is  the  lead 
Motion  and  Wind  to  difturb  him,  and  fitting  on  a  Stool  or  the  Deck, 
holding  the  Inftrument  with  his  left  Hand  under  the  Horizon-Vane  E  z\ 
and  his  Right  at  the  End  of  the  Label  F,  with  his  Thumb  thereon] 
keeping  the  Label  on  the  fame  Height  or  Level  with  his  Eye,  bring  the 
left  convex  Surface  of  the  Mercury  to  appear  juft  vifible  above  the  central 
k  ing  L,  and  the  Shade  or  Speculum  of  the  Sun  from  the  Solar  Vane  k ,  to 
coincide  therewith  on  the  central  Line  E  z ;  and  the  Sum  of  Degrees  and 
Minutes  cut  on  the  two  Arches  by  the  Vane  k9  and  the  End  of  the  La¬ 
bel  F,  will  give,  as  ufual,  the  Angle  of  the  Sun’s  Co-altitude.  As  the 
Sun  riles,  the  Shade  will  fall  below  the  central  Line  (the  Surface  in  it’s 
proper  Place)  ;  and  when  it  paffes  the  Meridian,  and  falls,  it  will  appear 
above,  io  that  the  End  or  the  Label  muft  be  moved  in  the  fame  manner 
as  the  Sight- Vane  ufuallyis. 

To  obferve  by  a  Star,  another  Perfon  muft  look  through  the  Slit  on 
the  Horizon- Vane,  and  over  the  upper  Edge  of  the  Shade-Vane,  and 
bring  the  Star  to  coincide  therewith,  proceeding  in  the  fame  manner  as 
before,  with  the  Sun. 

There  are  two  very  oppofite  Caufes  of  an  obfeure  Horizon  ;  the  one 
proceeds  from  thick  hazy  Weather,  and  the  other  from  fine  clear  and 
calm  Weather,  as  I  have  often  experienced  at  Sea  :  I  have  been  running 
with  a  Frefh  of  Wind,  fometimes  five,  fix,  and  feven  Days  together] 
the  Diftance  of  2  or  300  Leagues,  without  an  Obfervation  ;  and  ©n  the 
fixth,  feventh,  or  eighth  Day,  it  has  proved  ftarkcalm  and  clear  Weather, 
but  the  Sea  fo  fmooth,  and  fo  like  in  Colour  to  the  Sky,  that  the  Edge 
or  Circle  of  the  fenfible  Horizon  could  not  be  diftinguiftied  therefrom, 

and  con  frequently  no  Obfervation  to  be  made  by  the  Inftruments  then  in 

Practice. 

By  this  Improvement  to  Davis’s  Quadrant,  the  above  Obftacles  are 
entirely  removed  ;  fo  that  an  Obfervation  can  be  made  off  of  Headlands, 
in  Harbours,  on  Shore,  and,  in  fiiort,  any  where  that  a  Sight  of  the 
Sun,  £dV.  can  be  obtained,  without  any  regard  had  to  theThlorizon ; 
and,  what  is  peculiar  to  it,  is,  that  the  true  Level  will  be  prefer ved,  as 
well  on  the  Top  of  the  higheft  Mountain,  as  clofe  to  the  Surface  of  the 
Horizon.  The  Apparatus  is  fo  contrived,  that  an  Obfervation  can  be 
made  with  the  fenfible  Horizon  as  ufual,  by  means  of  the  Sight- Vane  N, 
fixed  near  the  End  of  the  Label  for  that  Purpofe,  fo  that  the  one  will  be  a 
Proof  to  the  other. 

AstheSuccefs  of  Inventions  in  all  things  of  this  kind  muft  be  con¬ 
firmed  by  Experiments  only,  among  many  others,  two  were  effedluallv 
made  on  board  his  Majefty’s  Ship  the  Oxford  at  Spiihead^  in  a  high 
Wind  when  the  Motion  was  fliort  and  quicks  and  confequently,  a  greater 
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Difadvantage  than  if  on  the  high  Sea,  where  the  Motion  is  grave,  flow 
and  regular,  occafioned  by  long  Waves ;  but  notwithftanding  this  quick 
Motion,  the  Obfervation  made,  exa&ly  agreed  with  the  Latitude  ot  the 
Place  •  as  will  more  evidently  appear  by  the  Report  hereunto  annexed, 
fiS  by  all  the  Principal  Officers  that  were  then  on  board. 

.  "  .  r 

'  '■ A 

TH  E  new  Improvement  made  by  Mr  Charles  Leigh  to  Davis  s 
Quadrant,  confiding  of  a  Mercurial  Level,  for  taking  the  Sun  01 
Stars  Altitude  at  Sea,  when  the  fenfible  Horizon  is  obscured  either  by 
thick  and  hazy  Weather, x  or  in  fmooth  Calms,  when  the  Sky  and  Ho¬ 
rizon  are  not  didinguifliabfe,  was  tried  on  board  this  Ship,  when  the 
Latitude  by  Obfervation  made  with  the  faid  Indrument  agrees,  as  appears 
by  the  following  Calculations  s  viz. 

March  the  9th,  high  Winds,  March  ioth,  ditto  Weather, 

and  a  quick  Motion. 


Sun’s  Zenith  Dift.  -  5°  3°  1  Zenith  Di£hnce  '  *  5°  33 

Sun’s  Declination  -  -  1 5  s-  (Decimation--,--  9  w 


Latitude  by  Obferv.  50  4 5  3  Latitude  by  Obferv.  50  47 

From  which  Experiment  we  judge  this  Inftrument  fufficiently  accurate 
for  difeovering  the  Latitude,  and  removing  that  grand  Impediment 
that  frequently  happens  by  an  obfcure  Horizon,  and  confequently  to  be 
.  of  great  Ufe  in  Navigation, 

From  on  hoard  his  Majejiy’s 
Ship  Oxford,  at  Spithead, 

March  io.  1 738, 


Thomas  Strachey,  Firji  Lieutenant 
Thomas  Griffin,  Lieutenant , 

James  Irving,  Mafier. 

William  Slanning,  fecond  Mafter. 


Note,  The  Latitude  of  Spithead  the  neared  is 
about  ~  — :  rr 


Lear_f?  is\  50  46 


North, 


THE  Alteration  made  in  this  Inftrument  is  greatly  for  the  better, 
for  the  Level  of  Water  required  to  be  trimmed  every  time  of  Ob- 
fervat  ion ,  befides  the  Hazard  of  fpiUing  the  Water  from  a  great  Motion  •,  ^ 
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but  in  this  Level  of  Mercury,  the  firft  Trimming  ferves  always,  and  with- 
hazard  of  fpilling,  being  cio'e  confined,  as  will  be  feen  in  the  Inftru- 

ment. - .The  Cylinders  are  made  large  enough  to  receive  the  Air  that 

will  be  condenfed  and  rarefied  alternately  by  the  vibratory  Motion  of  the 
Quickfilver  through  the  fmall  glafs  Tubes,  without  affeding  the  true 
Level  Line,  as  will  be  found  upon  Trial:  Notwithftanding,  the  included 
Air  has  no  Communication  with  the  External,  it’s  being  clofe  confined 
gives  this  Advantage,  that  it  prevents  the  Mercury,  in  it’s  vibratory 
Motion,  from  being  quick  and  tremulous. 

The  Bottoms  of  the  brafs  Cylinder  that  the  glafs  Tubes  are  fixed  in, 
lu'uit  in  tne  Infide  be  made  1  unnel- wife,  that  the  Mercury  may  not 
lodge  beninci.  Tne  Hole  at  tne  Cop,  and  the  Pin,  is  for  taking  out 
or  putting  in  Mercury,  if  Occafion  ;  as  aifo  to  clean  the  Tubes  with  a 
Wire.  The  perpendicular  Tubes  mult  at  lead  be  twice  the  Diameter 
olthe  long  Bafe  Tube,  for  this  Reafon  among  others,  that  the  dilatino- 
and  condenfing  of  the  Mercury,  from  Heat  or  Cold,  may  not  befenfible 
in  tne  pnpenoicular  Tubes  ;  and  alio  that  the  Bale  Tube  tnuft  be  as  lono 
as  the  Index  or  Label  will  admit,  and  the  Tube  thereof  to  be  as  fmall 
as  can  be,  but  fo  as  to  admit  a  Paffage  for  the  Mercury.  This  Paflage 
would  be  through  a  fmall  Glafs  J  ube  indofed  in  Wood,  &c.  The  Cy¬ 
linders  mud  not  be  foldered  with  foft  Solder  nor  Silver :  The  Mercurv 
will  affedt  it.  1 

Note,  If  the  Mercury  fhould  be  feparated  by  an  Air-Bubble  in  the 
Tube,  incline  the  Indrument  till  the  Mercury  difappers  in 
the  1  ube  below  the  Bafe,  and  ic  will  take  it  out.  The  true 
Level  is  when  the  little  convex  Surfaces  of  the  Mercury  jud 
appeal  above  the  Level  Rings ;  then  it  is  rightly  trimmed  ; 
and  when  you  obferve,  you  look  only  at  one  of  them,  viz. 
that  at  the  Centre,  the  Shade-Vane  co-inciding  at  the  fame 
lime  on  the  Horizon-Vane. 

March  n.  1738. 
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XII.  Being  informed  that  this  Improvement,  propofed  by  Thomas 
Godfrey  of  this  Place,  for  obferving  the  Sun’s  Altitude  at  Sea,  with  more 
an'"  Expedition  than  is  practicable  by  the  common  Indruments  in 
uie  .or  that  purpofe,  was  lad  Winter  laid  before  the  Royal  Society,  in  his 
own  Defcnption  of  it ;  and  that  fome  Gentlemen  wiflied  to  fee  the  Be¬ 
nefit  intended  by  it  more  fully  and  clearly  explained  :  I,  who  have  here 
the  Opportunity  of  knowing  the  Author’s  Thoughts  on  fuch  Subietfs, 
being  perfwaded  in  my  Judgment  that  if  the  Indrument,  as  he  propofes 
it,  be  brought  into  Practice,  it  will  in  many  Cafes  be  of  great  Service  to 
navigation,  have  therefore  thought  it  proper  to  draw  up  a  more  full 
Account  of  it,  than  the  Author  himfelf  has  given,  with  the  Advantages 
attending  it ;  w.iich  if  approved  of  by  better  Judgments,  to  whom  what 
I  offes  is  entirely  fubmitted,  ’tis  hoped  the  Ufe  of  it  will  be  recommend¬ 
ed 
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ed  and  further  encouraged,  as  alfo  the  Author.  The  Rife  oi  the  Improve* 
ment  with  it’s  Conveniences,  as  alfo  a  Defcription  of  it,  are  as  follows. 

<Tho.  Godfrey ,  having  under  the  greatefi:  Difadvantages  (as  I  obferved 
in  my  firft  Letter  to  Dr  Halley,  giving  an  Account  of  his  Invention  of 
the  Reflecting  Inftrument)  made  himfelf  Mafter  of  the  Principles  ot 
Aftronomy  and  Optics,  as  well  as  other  Parts  of  Mathematical  Science, 
applied  his  Thoughts  to  confider  the  Inftruments  ufed  in  that  moft  mo¬ 
mentous  Part  of  Bufmefs,  Navigation.  He  faw  that  on  the  Knowledge 
of  the  Latitude  and  Longitude  of  the  Place  a  Ship  is  in,  the  Lives  of 
thoufands  of  ufeful  Subjeds,  as  well  as  valuable  Cargoes,  continually  de^ 
pend  ;  that  for  finding  the  firft  of  thefe,  certain  and  eafy  Methods  are 
furnifhed  by  Nature,  if  Obfervations  be  duly  made :  Bi\t  Davis’s* 
Quadrant )  the  Inftrument  generally  ufed  by  Britifh  Navigators,  (tho 
feldom  by  Foreigners)  he  perceived  was  attended  with  this  Inconveniency, 
that  the  Obferver  muft  bring  the  Shade  or  Spot  oi  Light  from  the  Sun, 
and  the  Rays  from  the  Horizon,  to  coincide  exadtlyon  the  fiducial  Ldge 
of  the  horizontal  Vane  ;  That  tho’  this  can  be  cone  in  moderate  ea» 
tlierand  Seas  with  a  clear  Sky,  and  when  the  Sun  is  not  too  high,  with¬ 
out  any  great  Difficulty  ;  yet  in  other  Cafes  it  requires  more  Accuracy 
than  can  in  fome  Junctures  poffibly  be  applied,  and  more  Time  than  can 
be  allowed  for  it.  In  European  Latitudes,  or  to  thofe  nearer  the  Northern 
Tropick,  when  the  Sun  is  in  the  Southern  Signs,  and  near  the  Men  iany 
he  rifes  and  falls  but  (lowly  :  Yet  in  Voyages  to  the  Eaft  and  Weft- Indies, 
of  which  very  many,  efpecially  to  the  latter,  are  made,  he  is  at  Neon, 
often  and  for  many  Days  together,  in  or  near  the  Zenith,  and  w  en 
approaching  to,  or  leaving  it,  he  rifes  and  falls,  when  he  has  Declination 
fafter  than  even  at  the  Horizon  ;  for  it  is  well  known  to  Per  ions  acquaint¬ 
ed  with  the  Sphere,  that  when  his  diurnal  Courfe  takes  the  Zenith,  tie 
there  rifes  and  falls  a  whole  Degree  or  60  Minutes,  in  the  Space  ot  4 
Time  *,  fo  that  the  Obferver  has  but  1 to  come  within  15'  or  the  i  rutn 
in  his  Latitude :  While  in  a  middle  Altitude,  as  450  he  is  at  Noon  above 

zl  i  in  Time,  in  rifing  or  falling  one  fingle  Minute  of  Space,  tneCcics 

between  which  is  more  than  80  to  1.  And  yet,  perhaps,  no  Par^°‘ 
the  World  require  more  Exadlnefs  in  taking  the  Latitude  than  is  neceiiary 
in  Voyages  to  the  Weft-Indies ;  For  it  is  owing  to  the  Difficulty  of  it, 
that  VefTels  have  fo  frequently  miffed  the  Ifland  of  Barbadoes^  ana  Vv  ^*1 
crot  to  the  Leeward  of  it  have  been  obliged  to  run  down  a  1000  Mnes 
further  to  Jamaica ,  from  whence  they  can  icarce  work  up  again  in  t  -i.e 
Space  of  many  Weeks,  agai-nft  the  confiant  Trade-Winds,  and  therefore 

generally  decline  to  try  for,  or  attempt  it.  _  .  ,  , 

8  But  farther,  as  the  Latitude  cannot  be  found  by  any  other  Method, 
that  our  Mariners  are  generally  acquainted  with,  than  by  me  Sun  or  a 
Star  on  the  Meridian  :  In  a  cloudy  Sky,  when  the  Sun  can  but  now  and 
then  be  feen,  and  only  between  the  Openings  of  the  Cxouds  .or  very  ilioi 
Intervals,  which  thofe  who  ufe  the  Sea  know  frequently  happens .  As 
alfo  in  high  tempeftuous  Seas,  when  tho’  the  Sun  ihomd  “ 


Godfrey  5  Improvement  of  Davids  Quadrant, 

-Obferver  can  fcarce  by  any  Means  hold  his  Feet  *,  it  would  certainly  be 
of  vail  Advantage  to  have  an  Inftrument  by  which  an  Obfervation  could 
alfo  be,  as  it  were,  fnatched  or  taken  in  much  lefs  Time,  than  is  gene¬ 
rally  required  in  the  Ufe  of  the  common  Quadrant. 

I'ho.  Godfrey  therefore  confidering  this,  applied  himfelf  to  find  out 
fame  Contrivance  by  which  the  Meceffity  of  bringing  the  Rays  from  the 
Sun,  and  thofe  from  the  Horizon  to  coincide  (which  is  the  moil  difficult 
part  of  the  Work)  on  one  particular  Point  or  Line  from  the  Centre,  might 
be  removed.  In  order  to  which  he  confidcred,  that  by  the  21.  3d  Elem. 
of  Euel.  all  Angles  at  the  Periphery  of  a  Circle,  fubtended  by  the  fame 
Segment  within  it  are  equal,  on  whatever  part  of  the  Circumference  the 
angular  Point  fills ;  and  therefore,  if  inftead  of  a  Quadrant,  a  Semicircle 
were  graduated  into  90  Degrees  only,  accounting  every  two  Degrees  but 
one  •,  this  would  effectually  anfwer :  For  then,  if  an  Arch  of  the  fame 
Circle  were  placed  at  the  End  of  the  Diameter  of  the  Inftrument,  every 
Part  of  that  oppofite  Arch  would  equally  ierve  for  taking  the  Coincidence 
of  the  Rays  above-mentioned.  But  fuch  an  Inftrument  would  manifeftly 
be  attended  with  great  Inconveniences  *,  for  it  would  in  great  Altitudes 
be  much  more  unmanageable,  and  the  Vanes  could  not  be  framed  to 
Hand,  as  they  always  ought,  perpendicular  to  the  Rays.  He  therefore 
further  reiolved  to  try  whether  a  Curve  could  not  be  found  to  be  placed  at 
the  Centre  of  a  Quadrant,  which  would,  at  lead  fora  Length  fufficient 
to  catch  the  Coincidence  of  the  Rays,  with  Eafe  fully  anfwer  the  In¬ 
tention. 

A  Curve  that  in  all  the  Parts  of  itv  would  in  Geometrical  Stridlnefs 
effeh!  this,  cannot  be  in  Nature,  any  more  than  that  one  and  the  fame 
Point  can  be  found  for  a  Centre  to  different  Circles,  which  are  not  con¬ 
centric,  if  is  certain  that  every  Arch  on  the  Limb  may  have  a  Circle  that 
will  pafs  through  the  Centre,  and  be  a  Locus  or  geometrical  Place  for  the 
Angle  made  by  that  Arch  to  fall  on  :  but  then  every  Arch  has  a  different 
one  from  all  others  *,  as  in  the  Figure.  Let  ABC  be  the  Quadrant,  and 
A  B,  E  F,  G  H  be  taken  as  Arches  of  it :  Circles  drawn  through  each 
two  of  thefe  reipedlively,  and  through  the  Centre  C  as  a  third  Point,  will 
manifeftly  be  fuch  Loci  or  Places  :  For  every  Pair  of  thefe  Points  ftand 
in  a  Segment  of  their  own  Circle,  as  well  as  on  a  Segment  of  the  Quad¬ 
rant ;  and  therefore  by  the  cited  21*  3d  Elem .  the  Angles  Landing  on 
thefe  firft  Segments  will  every  where  be  equal  at  the  Periphery  of  their 
refpedtive  Circles,  and  their  Radius  will  always  be  equal  to  half  the  Se¬ 
cant  of  half  the  Arch  on  the  Quadrant.  For  in  the  Circle  C  E  D  F  (for 
Inftance)  the  Angle  C  E  D  is  right,  becaufe’tis  in  a  Semicircle,  CE  is 
the  Radius  of  the  Quadrant,  E  D  the  Tangent  of  the  Angle  D  C  E  =  I 
the  Arch  E  F,  and  C  D  is  the  Secant  of  the  fame  =  the  Diameter  of  the 
Circle  CEDF,  and  therefore  it’s  Radius  is  half  that  Secant. 

Now  from  the  Figure  5tis  plain,  that  in  very  fmall  Arches  the  Radius 
of  their  circular  Place  will  be  half  the  Radius  of  the  Quadrant,  that  is, 
putting  this  Radius  ==  10,  the  other  will  be  5.  And  the  Radius  for  the 

1  ~  -  Arch 
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Arch  of 90,  the  higheft  to  be  ufed  on  the  Quadrant  will  be  the  Square  Root 
of  half  the  Square  of  the-  Radius  =  Sine  of  45  Degrees  ==  7,07  1,  and  the 
Arches  at  the  Centre  drawn  by  thefe  two  Radii  are  the  Extreams,  the 
Medium  of  which  is  6.0355.  And  if  a  circular  Arch  be  drawn  with  this 
Radius  ~th  Part  of  the  Length  'of  it,  that  is,  in  an  Inftrument  of  20 
Inches  Radius,  the  Length  of  one  Inch  on  each  Side  of  the  Centre 
affording  2  Inches  in  the  whole,  to  catch  the  Coincidence  or  the  Rays  on, 
which  muft  be  owned  is  abundantly  fufficient,  the  Error  at  the  greatefi 
Variation  of  the  Arches,  and  at  the  Extremity  of  thefe  2  Inches,  will 
not  much  exceed  1 K 

Butin  fixing  the  Curvature  or  Radius  of  this  Central  Arch,  fomething 
farther  than  a  Medium  between  the  Extreams  in  the  Radius  is  to  be  con- 
fidered  :  For  in  fmall  Arches  the  Variation  is  very  (mail,  but  in  greater 
it  equally  increafes,  as  in  the  Figure,  where  it  appears  the  Difference  be-  Fig.  m«' 
tween  the  Angles  ABC  and  A  D  C  is  much  greater  than  the  Difference 
between  EBC  and  EDC,  though  both  are  fubtended  by  the  fame 
Line  B  D  :  for  their  Differences  are  the  Angles  BAD  and  BED. 

Therefore  this  Inequality  was  likewifeto  be  confidered  j  and  compound¬ 
ing  both  together,  cTho.  Godfrey  pitched  on  the  Ratio  of  7  to  1  r,  for  the 
Radius  of  the  Curve  to  the  Radius  of  the  Inftrument,  which  is  6.  3636 
to  10.  But  on  further  Advifement  he  now  concludes  on  6  and  a 
Curve  of  this  Radius  of  an  Inch  on  each  Side  of  the  Centre  to  an  Inftru- 
ment  of  20  Inches  Radius  or  of  -Tth  of  the  Radius,  whatever  it  be,  will 
in  no  Cafe  whatever,  as  he  has  himfelf  carefully  computed  it,  produce  an 
Error  of  above  57^  *,  and  ’tis  very  well  known  that  Navigators  (as  they 
very  fafely  may)  in  their  Voyages  entirely  flight  a  Difference  of  one  Mi¬ 
nute  in  Latitude. 

This  Radius  is  the  true  one  for  the  circular  Place  to  an  Arch  of  770 1 5  \ 
and  the  Variation  from  it  is  nearly  as  great  at  90  Degrees  as  at  any  Arch 
below  it,  the  greatefi:  below  being  at  about  44°,  which  is  owing  to  the 
Differences  exprefled  by  the  laft  Figure  above,  and  not  to  thofe  of  the 
Curvatures  or  circular  Places.  Yet  this  Variation  of  57^  arifes  only  when 
the  Spot  or  Coincidence  falls  at  the  Extremity  of  the  horizontal  Sight  or 
Vane,  or  a  whole  Inch  (in  an  Inftrument  of  20  Inches  Radius)  from  the 
Center,  and  then  only  in  the  Altitudes  or  Arches  of  about  44  or  90°. 

And  in  thefe,  at  the  Diftance  of  i  an  Inch  from  the  Center,  the  Variation 
is  but  i  fo  much,  viz.  about  14T  ;  and  at  %  of  an  Inch,  not  4^;  at  the 
Center  ’tis  precifely  true.  Therefore  as  an  Obfervation  may  be  taken 
with  it  in  i  of  the  Time,  that  Dtivis’s  Quadrant,  on  which  three  Things 
muft  be  brought  to  meet,  in  a  general  way  requires  :  I  fay,  confidering 
this,  and  the  vaft  Importance  of  fuch  Difpatch,  in  the  Cafe  of  great  Alti¬ 
tudes,  or  of  tempeftuous  Seas,  or  beclouded  Skies,  ’tis  prefumed  the  In¬ 
ftrument  thus  made  will  be  judged  preferable  to  all  others  of  the  kind  yet 
known.  Some  Mailers  of  Velfels,  who  fail  from  hence  to  the  W eft- Indies  y 
have  got  of  them  madeas  well  as  they  can  be  done  here*,  and  have  found 
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fo  great  an  Advantage  in  the  Facility  and  in  the  ready  Ufe  of  them,  in 
thole  Southerly  Latitudes,  that  they  rejedl  all  others.  And  it  can  fcarce 
be  doubted,  but  when  the  Indrument  becomes  more  generally  known, 
it  may,  upon  the  Royal  Society's  Approbation,  if  the  Thing  appear  worthy 
of  it,  more  univerfally  obtain  in  Practice. 

*Tis  now  4  Years  fmce  no. ‘Godfrey  hit  on  this  Improvement  5  for  his 
Account  of  it,  laid  before  the  Society  laid  Winter  in  which  he  mentions 
two  Years,  was  written  in  1732.  And  in  the  fame  Year,  1730,  after 
he  was  fatisfied  in  this,  he  applied  himfelf  to  think  of  the  other,  viz.  the 
reflecting  In  (frument  by  Speculums,  fora  help  in  the  Cafe  of  Longitude, 
though  ’tis  alfo  ufeful  in  taking  Altitudes,  and  one  of  thefe,  as  has  been 
abundantly  proved  by  the  Maker,  and  thofe  who  had  it  with  them,  was 
taken  to  Sea  and  there  tiled  in  obferving  the  Latitude,  the  Winter  of 
that  Year,  and  brought  back  again  hither  before  the  End  of  February , 
jyiZ^  and  was  in  my  keeping  tor  fome  Months  immediately  after.  It 
was  unhappy  indeed,  that  having  it  in  my  Power,  feeing  he  had  no  Ac¬ 
quaintance  nor  Knowledge  of  Perfons  there,  that  I  tranfmitted  not  an 
Account  of  it  fooner:  But  I  had  other  Affairs  of  more  Importance  to  me: 
And  it  was  owing  to  an  Accident  which  gave  me  fome  Uneafinefs,  viz* 
his  attempting  to  publifh  fome  Account  of  it  in  Print  here,  that  I  did  it 
at  that  Time,  viz.  in  May  1732,  when  I  tranfmitted  it  to  Dr  Halley 
to  whom  I  made  not  the  lead  Doubt  but  the  Invention  would  appear  en¬ 
tirely  New.  This,  on  my  part,  was  all  the  Merit  I  had  to  claim,  nor 
did  I  then,  or  now  afifume  any  other,  in  either  of  thefe  Indruments.  I 
only  wifh  that  the  ingenious  Inventor  himfelf  might  by  fome  means, 
be  taken  Notice  of,  in  a  Manner  that  might  be  of  real  Advntage  to 
him. 

There  needs  not,  I  fuppofe,  much  more  of  a  Defcription  of  the  Inftru¬ 
ment  than  has  been  given  :  I  (hall  only  fay,  the  Bow  had  bed  be  an  Arch 
of  about  100  Degrees,  well  graduated,  and  numbered  both  ways  ;  the 
Radius  of  20  or  24  Inches  •,  the  Curve  at  the  Centre  to  be  ^th  of  the 
Radius  on  each  Side,  that  is,  ~th  of  it  in  the  whole  5  the  Radius  of  that 
Curve  ~  Parts  of  the  Radius  of  the  Indrument  5  that  the  Glafs  for  the 
Solar  Vane  fhould  not  be  tefs,  but  rather  larger,  than  a  diver  Shilling,, 
with  it’s  Vertex  mod  exactly  fet.  And  that  the.utmod  Care  be  taken  to 
place  the  Middle  of  the  Curve  at  the  Centre  exactly  perpendicular  to  the 
Line  or  Radius  of  45  Degrees.  As  the  Obferver  mud  alfo  take  Care 
that  the  two  Vanes  on  the  Limb  be  kept  nearly  equi- didant  from  that 
Degree  *,  to  which  I  dial!  only  add,  that  it  may  be  bed  to  give  the  hori¬ 
zontal  Vane  only  one  Aperture,  and  not  two.  The  red  I  fuppofe  may 
be  left  to  the  Workmen. 

Note,  That  the  Radius  of  the  Quadrant  being  divided  into  20  equal 
Parts,  the  Centre  X  of  the  Curvature  of  the  Horizon- Vane 
(A  B)  mud  be  12  -A  of  thofe  Parts  from  the  Centre  (C)  of 
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the  Quadrant.  The  Breadth  (A  B  or g  b)  of  that  Vane  ihould 
be  —  of  the  whole  Radius,  that  is,  ~  on  each  Side  of  the 

Centre  (C). 

XIII.  The  neceffity  of  finding  the  Latitude  a  Ship  is  in,  is  too  we!  1 
known  to  be  infilled  on  :  Frequent  Opportunities  of  obferving  the  Lati-  Inpument^ 
tude  mud  confequently  be  of  very  great  Advantage  to  Navigation.  I  he  taying  the  La - 
Method  ufually  pradifed,  is  by  taking  the  Sun  or  Star’s  Meridian  Ain-  thudecfa 
tude  or  Zenith  Diftance :  In  this  Cafe,  if  the  Sun  does  not  fiiine  but  tor 
fome  fmall  Time  only,  before  Noon  and  after,  though  it  be  clear  all  the  ^MrRichard 
reft  of  the  Day,  it  is  of  no  ufe  for  this  Purpofe.  Mr  Fatio ,  F.  R.  S.  (in  Graham, 
the  Year  1728)  propofed  a  Method  for  finding  the  Latitude,  from  two  F.  R.  S .  Ibid. 
or  more  Obfervations  of  the  Sun  (or  Stars)  at  any  Time,  the  Diftance  of  P-  45o. 
the  faid  Obfervations  in  Time,  being  given  by  a  Watch  ;  but  as  his 
Method  requires  a  vaft  Number  of  Computations,  and  a  great  deal  o 
Skill  in  Spherical  Trigonometry,  it  has  very  feldom  been  made  ufe  ot, 
and  never  but  by  good  Mathematicians.  The  Inftrument  here  described 
will  anfwer  the  fame  End,  and  has  thefe  Advantages  ;  viz. 


ifi.  It  may  be  very  eafily  underftood  by  Seamen. 

2’diy,  It  immediately  fhews  the  Latitude  ol  the  Place. 

»ih  It  owes  the  Time  of  Day  at  Sea  when  no  other  Inftrument  cam. 

4 thlyr  It°may  be  made  as  large,  and  confequently  as  accurate  as  is 

defired. 

ABC  reprefents  part  of  the  Hemifphere  of  a  large  Globe  (half  the  A Defiriptio* 
Globe,  and  the  Part  below  the  Tropick  are  cut  off,  that  it  may  take  up  hjh*. 
the  lefs  room).  A  C,  half  the  Equator,  divided  into  i  2  HouiS  above,  Fjg  II+> 
x  and  180  Degrees  below,  and  fubdivided  into  Minutes,  as  is  likewilethe 
lower  Tropick  D  D.  E  E,  a  moveable  graduated  Meridian,  turning  on 
the  Axis  F  F.  G  an  Index  to  fix  it  (by  the  means  of  the  Screw  H)  to  any 
Hour.  I  / 1,  a  circular  Beam-Compafs,  the  Centre  I  i  to  be  fixed  on  the 
Meridian  to  any  Degree  and  Minute  of  Declination,  by  the  Method  com¬ 
monly  called  Nonius’s  Divifions :  k  the  Point  for  drawing  Arches,  which 
Hike  wife  fixed  to  any  Degree  and  Minute  by  the  fame  Method.  As  the 
Meridianis  at  fome  Diftance  from  the  Globe,  L  is  a  piece  ofBrafsto 
'  fixon  the  Meridian,  marked  with  Nonius' s  Divifions,  with  a  Point  reach- 
ina  down  to  the  Interfeftion  of  the  Arches,  by  which  means  the  Diftance 
of  the  faid  Interfeftion  from  the  Equator,  or  it’s  Latitude  is  found. 

The  Degrees  and  Minutes  may  likewife  be  fhewn  by  diagonal  Lines. 

Prop  I  From  two  Obfervations  of  the  Height  of  the  Sun ,  the  Diftance  of  j leUfiof  the 
’  the  faid  Obfervations  in  Time,  being  given  by  a  Watch,  as  like-  Inftrument. 
•wife  the  Declination  of  the  Sun  5  to  find  the  Latitude  of  the  Place, 
and' Hour  of  the  Day, 

B  b  b  2  I.  When 
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Cafe  i. 


Cafe  2. 

Cafe  3. 


Cafe  5. 


Scholium. 


Cafe  t. 
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I.  the  Ship  is  at  Reft ,  /yto  A ,  <2/  Anchor ,  /»  <z-  Calm ,  /0  as  to 

have  little  or  no  progreftive  Motion. 

Suppofe  the  Sun  in  the  Equator,  on  the  Day  of  Obfervation  :  Fix  the 
Centre  of  the  Beam-Compafs  at  o  Degree  (or  at  the  Equator,)  and  move  ' 
the  Point  k  to  the  Zenith  Diftance,  (the  Complement  of  the  Altitude, 
taken  by  the  ufual  Inftruments,)  and  from  any  Hour,  as  from  C,  de- 
fcribe  an  Arch  of  a  Circle  with  the  laid  Point,  as  b  c  {Ex.  1.)  Suppofe 
eight  Hours  after,  by  your  Watch,  you  have  another  Obfervation  move 
the  Meridian  8  Hours  farther,  to  A,  and  fix  it  there  ;  and  with  the  Ze¬ 
nith  Diftance  then  obferved,  defcribe  another  Arch  as  eft  the  Point  where 
it  cuts  the  former  is  the  Place  of  Obfervation,  and  itss  Diftance  takfti  on 
the  Meridian  from  the  Equator  fhews  it’s  Latitude;  and  the  Minutes 
reckoned  on  the  Equator  from  the  Meridian,  to  C  and  d  (the  Times  of 
Obfervation)  fhew  what  thofe  Hours  were. 

When  the  Sun  has  Declination  :  Fix  the  Centre  of  the  Beam-Compafs 
on  the  Meridian,  to  the  proper  Degree  of  Declination  for  the  Day  of 
Obfervation,  and  proceed  as  before. 

If  the  Obfervations  are  at  a  greater  Diftance  than  twelve  Hours,  but  in 
the  fame  Day:  Make  ufe  of  the  Complement  to  twenty-four  Hours  of 
the  Diftance  in  Time,  and  take  the  Declination  on  the  contrary,  or 
lower  Side  of  the  Equator  ;  and  inftead  of  the  Zenith  Diftances,  take  the 
Nadir  Diftances  or  Altitudes  increafed  by  90°. 

Thus  you  will  find  the  Latitude,  and  Time  of  each  Obfervation 
from  Midnight.  In  this  Cafe  the  Beam-Compafs  muft  extend  to  more 
than  90°. 

If  the  Obfervations  are  more  than  a  Day  afunder  ;  as  for  Inflance  & 
Day  and  2  Flours  (26  Hours) :  Place  the  Centre  of  the  Beam-Compafs 
2  Hours  farther  than  it  was  the  Day  before ;  but  in  different  Declinations , 
according  to  the  Table  of  Declination  for  the  feveral  Days. 

When  the  Obfervations  are  made  by  a  Star  :  The  Centre  of  the  Beam- 
Compafs  muft  be  fet  to  the  Declination  of  the  Star ;  then  proceed  as  be¬ 
fore.  To  find  the  Flour  in  this  Cafe,  the  right  Afcenfion  muft  be  like- 
wife  given. 

The  fame  Method  may  beufeful  at  Land,  when  no  Meridian  Obfer¬ 
vation  offers, 

II.  Lhe  Ship  in  Motion . 

<■»  •* 

Suppofe  the  Sun  in  the  Equator  :  The  Diftance  between  the  two  Obi 
fervations  8  Hours,  as  before,  and  the  Arch  a  a  a  {Ex.  2.)  defcribed  by 
the  Zenith  D  iftance  of  the  firft  Obfervation,  from  the  Centre  C ;  and 
the  Angle  c  a  £,  40  Degrees,  is  the  Angle  between  the  ShipV  way,  and 
the  Azimuth  of  the  Sun  continued,  (given  by  the  Azimuth  Compafs) 
and  that  during  the  eight  Hours,  the  Ship  has  made  i°,  or  6qJ  from 

.  '  a  to 
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a  to  b,  or  from  the  Sun  ;  then,  as  Radius  is  to  the  Cofine  of  cab  40°,  fo 
is  a  b  60 '  to  a  c  46 1  ;  add  46'  to  the  Zenith  Diftance  C  a  ;  and  with  k, 
the  Point  of  the  Beam-Compafs  fet  at  that  Diftance,  defcribe  the 
Arch  cbe\  then  with  the  Zenith  Diftance  of  the  laft  Obfervation,  whofe 
Centre  is  d,  draw  the  Arch  /  /;  the  Point  where  it  cuts  the  Arch  cb  e, 
is  the  Place  where  the  Ship  was  laft  ;  and  it’s  Diftance  taken  on  the  Me¬ 
ridian  from  the  Equator  (hews  it’s  Latitude;  the  Minutes  reckoned  on 
the  Equator  from  the  Meridian  to  d  (the  Time  of  the  laft  Obfervation) 
fnew  the  Hour,  or  ids  Diftance  from  12  0’  Clock, 

If  the  Ship  had  failed  from  a  to  (3  or  towards  the  Sun  :  The  Cofine  of  Cafe 
the  Angle  (3  ay,  or  of  the  Angle  between  the  Ship’s  Way  and  the  Sun, 
muft  be  fubftraded  from  the  Zenith  Diftance  of  the  firft  Obfervation. 

N.  B.  Only  the  two  Arches  che ,  //,  are  to  be  drawn  on  the  Globe, 
the  reft  being  added  here,  to  fhew  the  Reafon  of  the  Con- 
ftrudion. 

To  find  the  Latitude  of  the  firft  Place  :  From  the  Equator,  with  a  Cafe 
pair  of  Compaffes,  take  the  Diftance  failed  60 and  with  one  Foot  in 
the  Interfedion  of  the  Arches  b  e,  //,  the  Place  found  before,  put  the 
other  in  the  Arch  a  a  a,  the  Zenith  Diftance  of  the  firft  Obfervation,  and 
in  this  Inftance,  on  the  left  Hand  of  the  Azimuth  of  the  Sun,  this  is 
the  Place  fought ;  and  it’s  Diftance  taken  on  the  Meridian  from  the 
Equator,  fhews  the  Latitude ;  and  the  Minutes  reckoned  on  the  Equator 
from  the  Meridian  to  C,  the  Time  of  the  firft  Obfervation,  fhew  the 

Hour. 

The  Interval  in  Time  or  Degree  between  the  two  Places,  fhewn  by 
the  Index  G,  is  the  Difference  of  Longitude. 

N.  B.  Thofe  Obfervations  are  beft,  whofe  Arches  crofs  each  other 
almoft  at  right  Angles. 

Prop.  II.  The  Zenith  Difiances  of  two  Stars ,  obferved  at  the  fame  Time, 
their  Declination ,  and  right  Afcenjion  being  known  ;  to  find  the. 
Latitude  of  the  Place  of  Obfervation . 

Fix  the  Centre  of  the  Beam-Compafs  to  the  Declination  of  either  of 
the  Stars,  and  with  the  Zenith  Diftance  of  that  Star  defcribe  an  Arch  ; 
move  the  Meridian  as  many  Hours  farther  as  is  the  Difference  of  right 
Afcenfion  of  the  other  Star;  and' fix  the  Centre  of  the  Beam-Compafs  to 
the  Declination  of  it ;  and  with  it’s  Zenith  Diftance  crois  the  in  it  Arch  , 

The  Interfedion  fhews  the  Latitude  of  the  Place  of  Obfervation  ;  and 
alfo  the  Diftance  of  the  right  Afcenfion  of  the  Zenith  from  that  of  either 
of  the  Stars,  by  which  means  the  Hour  may  be  known. 
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If  a  Celeftial  Globe  is  made  ufe  of,  then  place  the  Centre  of  the  Beam- 
Compafs  over  the  feveral  Stars, 

The  Latitude  and  Hour  being  given,  the  Variation  of  the  Compafs 
is  cafily  known. 

Ah  B .  In  order  to  draw  Arches  on  the  Globe  •,  rub  fome  Black-Lead 
powdered  on  a  Piece  of  Paper  ;  lay  the  Side  which  is  blacked 
next  the  Globe,  where  you  imagine  the  Interfcdtion  of  the 
Arches  will  be  :  Then  draw  them  on  the  clean  Side  with  the 
Point  of  the  Beam- Compafs,  and  they  will  appear  on  the 
Globe-,  and  if  the  Globe  is  well  varnifhed,  they  may  be  rubbed 
out  with  Bread,  or  wafhed  out  with  Water. 

As  Altitudes  at  Sea  are  now  readily  taken,  with  great  Exa&nefs,  by 
the  Quadrant  invented,  by  John  Hadley ,  Efq;  V.  P.  R,  S.  and  as’  the 
laid  Altitudes  are  the  Principles  on  which  the  Operations  above  defcribed 
are  founded  j  the  previous  Ufe  of  that  Quadrant  cannot  but  be  of  the 

utmofl  Importance  to  thofe  who  ftiall  have  Occafion  for  this  Inftru¬ 
ment. 

The  Defer iption  and  Ufe  of  this  Inftrument  was  laid  before  the  Royal 
Society ,  Dec.  g.  1731  ;  but  as  I  knew  Mr  Reid  was  contriving  one  for  the 
fame  Purpofe,  I  delayed  making  mine  Publick.  His  Method  not  vet 
appearing  in  Print,  I  have  thought  proper  to  communicate  my  own 
(efpecially  as  Stis  now  improved)  conceiving  it  may  be  of  fome  Advan¬ 
tage  to  Navigation. 

%e  u/e  Of  a  XIV .  To  difeover  the  Declination  of  the  Magnetic  Needle,  or  Varia- 

cTJTfir  LT  Vhe  Com?afs  atSea>  with  fome  tolerable  Degree  of  Certainty  and 
finding  the  Va-  Lxactnels,  is  a  thing  of  great  Ufe  and  Importance  in  the  Art  of  Na- 
riation  of  the  vigation. 

Compe  er  The  Inftruments  and  Methods  hitherto  ufed  for  this  Purpofe,  fas  we 

Needu'at  Sea,  could  ea%  demonftrate,  if  it  were  needful)  are  fubjeft  to  feveral  Inconve- 
nvith  greater  Lriors,  and  Detects ;  to  remedy  which,  this  new  Azimuth- Co  jnpafs 

Ea/e  and  Ex-  was  contrived,  and  has  by  Experience  been  found  effectual,  It  would 
ahinefs  than  be  needlefs  to  give  a  Defcription  to  fuch  as  have  the  Inftrument  before 

ItZJfir  tlaem’  andwe  ftall  therefore  only  Ihew  the  Manner  of  ufing  it,  and 
that  Purpofe ;  ™at  as  kriehy  as  may  be,  which  take  as  follows : 

by  Captain 

Chriitopher  The  Inftrument  muft  be  rectified,  or  fitted  for  Obfervation  bv 

““no.  LurninS  about  fil1  the  four  Cardinal  Points,  that  are  hung  upon  the 
450.  p.  39c.  j^eotre-Pin,  agiee  with  the  four  Cardinal  Points  on  the  Chart,  at  the 
°a.  ttc .  Bottom  of  the  Box :  Then  will  the  Needle,  that  fhews  the  Magnetic 
,738.  Meridian,  ftand  at  no  Degrees,  and  the  Eaft  and  Weft  Points  at  qo° 
on  the  graduated  Circle  within  the  Box ;  and  in  this  Situation  i’t 

mult  be  kept,  as  near  as  may  be,  during  the  whole  Time  of  the  Obfer¬ 
vation, 

L  2  dlyy 
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idly>  Let  the  Index  of  the  Quadrant  be  placed  to  that  Degree  of  the 
Arch,  on  the  Rim  of  the  Box,  which  the  Obferver  judges  to  be  nearly 
equal  to  the  Height  of  the  Sun  or  Star  whofe  Azimuth  is  fought  •,  for  by 
this  means  the  Objed  will  be  more  readily  found. 

3^/y,  Turn  the  Quadrant  round  towards  the  Sun  or  Star,  till  it  appear 
upon  the  vertical  Hair  within  the  Telefcope,  to  an  Eye  looking  through 
the  fmall  Hole  or  Sight  •,  and  then  Aide  the  Index  a  little  upward  or 
downward  on  the  Arch,  till  the  Qbjed  by  this  means  be  brought  to 
coincide  or  touch  the  vifible  Horizon. 

Laftly ,  The  Degrees  and  Minutes  then  marked  by  the  Index  upon  the 
Arch  of  the  Quadrant,  will  Ihew  the  Altitude  of  the  Objed:,  which  will 
always  be  the  fame,  whether  the  Inftrument  is  in  Motion  or  at  Reft  9 
at  the  fame  time  the  Degree  cut  by  the  Index  on  the  horizontal  Rim  or 
Circumference  of  the  Compafs-Box,  will  give  the  magnetical  Azimuth  of 
the  Sun  or  Star. 

N.  B.  All  this  may  be  performed  by  onePerfon,  whereas  the  old 
Compafs  requires  feveral  to  manage  it,  which  alfo  makes  it 
fubjed  to  many  great  Errors. 

How  the  Variation  of  the  Needle  is  found  by  means  of  Magnetical 
Azimuth  and  Altitude  thus  obtained,  is  taught  in  every  Treatife  of  Na¬ 
vigation,  and  we  have  no  need  to  repeat  thefe  Rules  in  this  Place.  But 
as  the  Refolution  of  this  Problem  is  fomewhat  troublefome,  and  requires 
fuch  a  Knowledge  of  the  Dodrine  of  the  Sphere,  as  every  Seaman  has 
not  attained,  we  {hall  here  exhibit  an  eafy  Method  of  difcovering  the 
Variation  of  the  Compafs  without  any  manner  of  Calculation,  which 
cannot  fail  to  render  this  Inftrument  Hill  more  acceptable  :  To  this  End, 

1/,  Let  the  Magnetic  Azimuth  of  the  Sun  (or  any  Star,  when  it  is 
near  the  prime  Vertical,  and  confiderably  elevated  above  the  Horizon  ) 
be  found  according  to  the  Diredions  already  given,  before  it  arrive  at  the 
Meridian,  and  note  well  the  Altitude,  or  let  the  Index  remain  fixed  at 
fame  Point  on  the  Arch. 

idly ,  Find  the  Magnetic  Azimuth  of  the  Sun  or  Star  in  like  manner  as 
before,  when  it  is  exadly  at  the  fame  Degree  of  Altitude,  after  it  has 
paffed  the  Meridian  :  And, 

3 dly.  If  thefe  two  Magnetical  Azimuths  are  equal,  the  Needle  has 
no  Variation:  If  unequal,  add  them  together,  and  half  their  Sum  will 
be  the  true  Azimuth  or  fubtrad  the  lefs  from  the  greater,  and  half  tin- 
Difference  will  be  the  Variation  required.  I  he  Circuniftam  of  the 
Obfervation  will  the  more  readily  diicover  whether  the  Declination  is 

Eafterly  or  Wefterly. 
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N.  5«  Though  it  would  be  very  commendable  in  Gentlemen  whoufe 
the  Sea,  to  learn  the  Names  of  mod  of  the  principal  Fixed 
Stars,  yet  even  that  Knowledge  is  notnecefiary  in  the  Ufe  of 
this  Inftrument:  Neither  is  it  needful  in  this  cafe  to  know 
exactly  the  Latitude  of  the  Place  of  Obfervation,  provided  the 
Difference  of  Latitude  between  the  Obfervations  be  not  very 
great:  It  is  fufficient,  that  Care  be  taken  to  obferve  the  felt 
fame  Star,  before  it  comes  to  the  Meridian,  and  after  it  has 
paffed  it  •,  and  for  the  fake  of  greater  Exa&nefs,  the  Caution 
before  given  ffiould  be  regarded,  to  wit,  That  the  Star  be  at 
feme  confiderable  Height  above  the  Horizon,  and  alfo  near 
the  prime  Vertical. 

XV.  (See  the  folded  Sheet,) 


The  End  of  the  FIRST  PART 
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Ifervatiom  made  of  the  Latitude,  Variation  of  the  Magnetic  Needle,  cmi  Weather,  by  Capt.  Chriftopher  Middleton,  in  a  V oyage  from  London  to 
_  Hudfon’s-Bay,  Anno  1735.  No.  442.  p.  270.  July ,  &c.  1736. 
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S  W 

Uncertain  fqually  Weather,  with 
a  Weftern  Swell. 
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29-  5 
26 

29.  7 
29.  6 
29.75 
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30 

60.31 
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3 1 

29.  7 
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1 2 

9 

29  8 
£9_7 

32.12 

27 

S  W 

Squally,  with  fome  Rain. 
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1  2 
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29.  7 
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m 

6 

3i-  5 

29.  9 

6 
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29.  5 
59:  _I 

58.44 

35-46 

27 

53.47 

58.50 

Variable,  with  Squalls  of  Rain. 
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3 1  -  5 
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29.  9 
3° 

63-  5 

75.28 
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28 

28 

3£_ 

29.  5 
29  9 
29.  8 

58.1 1 

36.58 

28 

58.  8 

58.1 1 

N  NW 
to 

WNW 

Variable  frefh  Gales,  with  Rain 
and  Squalls. 
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63  • 1 5 
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28 

26 

29  9 
29.  8 
29.  6 
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33-33 

28 

57-53 

57-57 
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to 

W  byS 

Moderate  and  fair  Weather,  with 
Clouds. 
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58.38 

Rain  and  frefh  Gales. 
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28  - 
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58.16 
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Hard  Gales,  with  a  great  Sea. 
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27.  5 

29.  7 
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1  2 

9 

27 

28 

29.  8 
29.  9 

58.48 

44- 1 6 

29 

58.40 

58.45 

** 

to 

N  E 

Moderate,  with  fome  Rain. 
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27.  5 
26 
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29.  7 
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1  2 
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3° 

28 

28 

30 

29.  6 
29.  8 

58.22 

45.46 

29 

N  N  E 
to 

W  by  S 

At  6  made  Cape  Farewell ,  from 
N  b  W  to  N  b  E  14  or  15  Leagues 
dift.  Moderate  with  fome  Rain. 
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26 

29,  6 
29.  8 
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27 

29 
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Much  Ice  in  Sight.  An  hard 
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29.  7 
29  9 

45-37 
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N  W 

Gale,  with  a  great  Sea. 
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26 

30.  1 
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Moft  part  hard  Gales. 

Under  Main  Sail  and  Mizen. 
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29 

29 

27 

30.  5 
30.  r 
30 

59-  7 
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E  S  E 
to 

S  E 

Saw  a  large  J  fie  of  Ice.  Pleafant 
Weather. 
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29.  9 
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1  2 

9 

26 

!27 

27 

39  > 
30.  1 

29-  9 

60.14 

55-  3 

33 

SEbyS 

Frefh  Gales  and  cloudy,  with 
fome  Rain. 
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29.  9 
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Moderate,  but  hazy,  with  Rain. 
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28 

T7 

29-  9 
29.  5 
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61.23 

63,  7 

j 

39 
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S  E 

Hazy,  with  Rain  and  Fogs.  Se¬ 
veral  Pieces  of  Ice. 
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S  E 

S  S  W 

S  by  E 

Foggy,  with  Calms.  Mucti  Ice 
all  round  Refolution. 
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SWbS 

Moderate  Weather,  moft  part 
Foggy. 
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Much  Ice  all  round  ;  fore  Part 
Foggy,  latter  clear. 
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NbyW 

The  moft  part  foggy  and  hazy 
Weather. 
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S  W 

Fair,  with  much  fhactered  Ice, 
and  large  Ides. 
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WNW 

Eafy  Breezes,  fair  and  clear, 
heavy  Ice  all  round. 
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Hazy  middle  Part,  clear  the 
latter. 
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SWbW 

Fair  pleafant  Weather  ;  much 
Ice. 
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Little  ..Winds,  and  fair  pleafant 
Weather. 
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Moft  Part  Foggy,  with  Calms 
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Several  large  Ides  of  Ice;  Foggy 
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Little  Winds  and  Calm;  heavy 
Ice  all  round. 
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E  S  E 

Faft  in  thick  Ice,  with  Fogs  and 
Rain. 
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Thefe  24  Hours  the  firltand  lat 
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Storm  of  Wind  and  Rain. 
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Hard  Gales,  with  much  Snow 
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Moderate  arrd  fair  Weather  will 
much  Ice. 

1.  ft 

I  ft 

ft 

5 

c 

1 

1  33 

2  j  33 
)  34 

29. 

29.8c 

. 

58.2' 

1  4-2( 

^  3C 

5 

29 

27 

z9 

61.39 

70.36 

40 

6l.33 

61.44 

6143 

W  by  S 

Working  to  Windward  in  Ice 
fometimes  in  a  Clear. 
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Lati¬ 
tude 
obfer- 
ved  by 
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Qua¬ 
drant. 
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Lati¬ 
tude 
by  a 
Sextant 
of 
Ward 
and 
Smith. 
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Winds. 
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Ditto. 


Ditto. 


N  W 
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S  E 


S  by  W 


Ditto. 
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to 

N  W 


Molt  Part  fair  and  pleafant  Wea 
ther,  with  much  Ice. 


Foggy  Weather,  clofe  Ice  all 
round. 


Moderate,  with  Fogs. 


The  firft  Part  hazy,  the  latter 
clear. 


Clear  Sea,  frefh  Gales  and  hazy. 


Foggy  Weather. 


Ditto. 


Working  in  loofe  Ice;  hazy, 
fometimes  clear. 


N  W 
to 

Weft 


S  S  E 
to 

E  S  E 


Much  Ice,  fair  and  clear,  with 
Calms. 


Much  Ice,  frefh  Gales  and  hazy 
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Calm. 
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N  W 
to 

Weft. 


Loofe  Ice,  large  Clears  in  Sight 
of  Salijbury. 


Foggy,  much  Ice  and  frefh  Gales 


Loofe  Ice,  Ealt  End  of  Notting¬ 
ham,  N  b  E  feven  Leagues. 


Much  Ice,  clear  Weather. 

Cape  Walfingham  S  W  ~b  W 
five  or  fix  Leagues. 


Shattered  Ice,  foggy  Weft;  Mand 

Diggs,  W  S  W  five  Leagues. 


Cape  Diggs  S  E  b  S  6  Leagues. 
Frelh  Gales,  and  Ice. 


Much  large  Ice  ;  the  North  End 
of  Mansfield  S  W  b  W  four 
Miles'. 


North  End  of  MansJreldS  W  four 
teen  Miles. 


Hazy  ;  feme  Pieces  of  Ice. 


Much  Ice,  ar.d  Rain. 


Thick  foggy  Weather,  with 
Showers  of  Rain. 


Steering  Ice  with  wet  Fog. 
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Baker  s  Dozens  S  b  W  four 
Leagues.  Fair  Weather. 


Moderate,  with  Fogs,  Rain  anc 
Ice. 


Frefh  Gales.  A  great  Sea  from 

the  Southward. 


Launder  and  Rain.  North- Beat 
S  W  by  W  five  Miles. 


Moderate  and  fair  Weather. 
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1'he  firft  Parc  moderate,  the  latter 
hard  Gales,  with  Thunder  an 
Lightning  in  with  the  W.  Main. 
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Moderate  and  fair. 
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Moderate  Gales  and  Hazy,  with 
Email  Rain. 
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The  firft  Part  moderate,  middle 
ar.d  latter  very  hard  Gales, 
with  Squalls  ot  Rain. 


Ditto,  hard  Gales  and  Squalls. 


Frefh  Gales  and  fqually,  with  a 
Head  Sea. 
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Moderate,  and  fair;  four  Leagues 
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Little  Winds  and  fair  Weather. 
In  Sight  of  Mansfields. 
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Lair  and  pleafant  Weather-  In 
Sight  of  Mansfields ,  4.  Miles. 
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At  Noon  Mansfields  N  W  by  W  5 

Leagues;  Sleet  and  Foggy.  Cape 
Walfingham  S  W  6  Leagues. 
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Frequent  Showers  of  Hail  and 
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Moderate  and  fair  Weather. 
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S  W 
to 

Much  Snow,  with  thick  Wea¬ 

ther. 

7- 55 

WNW 

?  29 

2  3° 

5  28 

61.43 

1 2 

42 

* 

N  W 
to 

N  by  E 

Paffed  feveral  large  Ides  of  Ice  ; 
frefh  Gales  and  Sleet ;  thick 
Weather  with  Snow. 

?  3*2-  5 
2  33 

9  3 1 

9  31 

2  34 

9  31 

61  -43 

15.10 

40 

North. 

to 

NNE 

Firft  2  Parts  hard  Gales  and  Snow, 
latter  moderate.  At  Noon  Cape 
Refolut. NE6L.  S.  Pt.N  Wb  N4L. 

60.40 

Weft! 

58.40 

40 

NEbN 

Many  large  Ifles  of  Ice;  hard 
Gales  ;  great  Sea  from  the 
North-Eatt. 

9  23 

2  26 

9  26 

59-49 

53-43 

33 

North. 

to 

S  W 

Moderate,  but  dark  and  cloudy, 
with  Sleet  and  Rain. 

9  3°“ 

5S.42 

48.52 

32 

58.37j58.38 

N  W 

Erelh  Gales,  With  Rain  and 
Snow. 

2  29 

9  29 

9  3i 

57.28 

29 

NNW 

to 

Variable,  with  freih  Gales,  and 

Rain. 

2  30 

9  29 

29.  6 
27.  7 

44.3 1 

North. 

9  27.  5 

2  27.  5 
9  27 

29.  5 
29.  5 
29.  6 

56.49 

41  -39 

27 

North. 

to 

E  S  E 

Frefh  Gales  and  Squalls;  vari¬ 

able  Winds  and  cloudy. 
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5 

6 
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Lad- 
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tude  0 

f  tude  0 

:  tude 

tude 

the 
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by  Ac 
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Ther- 

rome- 

count. 

Londor 

mome- 

ter. 

by  Ac 

ter. 

/ 

/ 

O  / 

Q  / 

29  • 

29.65 

36.5c 

26.  5 

29-  5 

55-52 

26 

29.  7 

_ 

3* 

29.  8 

27 

39.  9 

55-  3 

31.21 

26 

29.  8 

27.  5 

3o 

1 

26 

30 

53-43 

25.59 

26 

30.  2 

______  mmmm 

21 

30.  2 

l9 

30.  2 

52.38 

22.23 

20 

30  1 

— 

2 1 

3° 

zo.  5 

3 1 

52.27 

20.15 

24 

30.  1 

25 

30.  2 

16.33 

25 

30.25 

50.30 

24 

30.  2 



23 

3°-  3 

23 

30.  2 

50.20 

!3-  7 

24 

30.  2 

_ 

23 

30.  z 

21.  5 

3°-  3 

5°-3  7 

1  I  I 

20 

30.  2 

_mmm _ 

22.  5 

3°-  3 

Z  2 

30.  2 

50-35 

11.22 

22 

3°-  3 

22 

3°.  3 

23 

30.  2 

49.40 

I232 

22 

30  • 

_ 

22 

29 

22.  5 

29 

50.  7 

H.39 

22.  5 

30.  i 

_ 

20 

29.  9 

20 

30.  1 

50.  3 

IO.36 

20 

30.25 

20.  5 

30.35 

20.  5 

30-  3 

49  38 

8,52 

20.  5 

3°.  4 

22 

30.  2 

22 

30.  1 

5° 

7.  20 

22 

29-  9 

22 

29.  9 

21 

30 

49-39 

6.58 

21 

29.  9 
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1 

Lati¬ 
tude 
obfer¬ 
ved  by 
Smith’s 
Qua¬ 
drant. 

Lati¬ 
tude 
obfer¬ 
ved  by 
Had¬ 
ley’s 
Qua¬ 
drant. 

I  Lati- 
I  tude 

J  obfer- 
I  ved  by 

I  Elton's 
J  Qua- 
[drant. 

Lati¬ 
tude 
by  a 
Sextani 
of 

TVard 

and 

Smith. 

Winds. 

Remarks. 

”  / 

55-44 

~  / 

55-47 

1  0  * 

9  / 

NEb;E 

to 

NbyW 

Hard  Gales,  with  Rain  am 
Fogs. 

_ _ . 

55-  1 

55-  4 

NNW 

• 

Frefh  Gales,  and  Rain. 

NWbN 

to 

SWbW 

Hard  Gales,  with  Squalls  ao 

fmall  Rain. 

- - — - : — > 

— . — 

s  w 

to 

SWbS 

Firlt  Part  hard  Gales,  middle  an 

latter  moderate  and  hazy. 

i - p — - — . 

South 

to 

NNE 

Freih  Gales,  and  much  Ram 

hazy  Weather. 

5i 

51 

N  E 

Freih  Gales,  and  much  Rain 

hazy  Weather. 

50.24 

50.25 

N  E 
to 

NbyW 

FrefhGales  and  hazy,  with  loin  j 
Rain  the  firft  two  Parts,  ft  | 
latter  moderate. 

?  1 

0  1 

5^35 

N  W 
to 

S  by  E 

Moderate  and  fair ;  Winds  t 
riable. 

— 

— 

— 

S  S  E 

Moderate,  with  a  great  Head 
Sea  from  the  Eaftward. 

SEbyS 

Cloudy,  with  a  great  Sea  froi 
the  Eaftward. 

50.  4 

49  42 

* 

S  S  E 
to 

S  by  E 

Hard  Storm  of  Wind,  with 
great  Sea.  • 

— 

S  S  W 

Moderate  Gales,  with  fmall  Rai 

S  S  W 
to 

Weft 

Ditto,  fair  and  moderate. 

0  1 

J.  I 

South 

Calm 

S  S  E 

Saw  feveral  Ships,  founded  104 

Fathom.  Moderate.  ) 

'  •  ;  'i\ 

- - - - 

49.38 

% 

S  S  E 

WNW 

Fwo  firft  Parts  hard  Gales^d  ■ 
heavy  Squalls,  the  latter 
derate. 
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Explanation  of  tht  TABLES. 

The  firft  Column  contains  the  Month-,  the  fecond  Column  is  the  Day  of  the  Month;  the  third  the  Hour  of  the  Day.  beginning  at  6  in  the  Morning  to  t2  at  N°on,  and  9. j 
Night  ;  the  fourth  Column  is  that  of  the  Thermofcope ;  the  fifth  Column  is  the  Height  of  the  Mercury  m  the  Barofcope,  the  firft  Numbe -is  the  Inches. of  1 1  s  H  gl  ,  ‘  shi 

Number  marks  the  tenths  and  hundredth  Parts  of  an  Inch  ;  the  fixth  Column  is  the  Latitude  the  Ship  ts  ,rg  by  Account  every  Day  at  Noon  he  feventh  Column  is  the  Longitude 
is  in  every  Day  at  Noon,  by  Account,  from  the  Meridian  of  London  (except  where  otherwife  expreffed).  The  Column  Variation  ,s  Ae  Vmwon  of the ■  «““  ““  ^/fouXb 
are  the  Latitudes  obferved  at  Noon  by  four  feveral  new  Inftruments  ;  the  firft  is  Mr  Smith’ s  Pr.fmatic  Quadrant,  the  fecond  is  Mr  Hadley  s,  the  third  by  Mr  John  tllcn .  and  lay 

Mr  Caleb  Smith  and  Mr  William  Ward the  next  Column  is  the  Wind  for  the  molt  Part  of  the  24  Hours.  .  ,.  u  fKPTnn  f.mnofincr  it  to  be  th* 

The  Thermofcope  which  1  made  ufe  of  in  the  Voyage,  was  made  by  Mr  John  Palnck ,  together  with  the  Barofcope  ;  in  his  Thermofcope  he  places  [  ]  at  the  lop,  fuppofm0 

Heat  under  the  Line,  and  fo  the  Figures  increafe  downwards,  with  the  Increafe  of  Cold.  Temperate  is  placed  at  2  5.  .  .  v  t  Rav  in  the  worft  cf 

This  Prifmatic  Quadrant  of  Mr  Caleb  Smith  I  find  to  be  of  very  great  Ufe  at  Sea,  ,n  particular  for  the  Stars  as  I  have  experienced  feveral  times  mmy^oya  fff^udfonsBay  have  the  Bene 
Weather,  when  you  can  but  fee  the  Horizon  j  and  his  other  is  of  great  Ufe,  in  tolerable  fmooth  Water,  in  foggy  and  hazy  Weather,  when  there  is  no  Horizon  to  be  leen,  yet  have  Benue 

of  the  Sun. 
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